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CHAPTER XX. 

PRODUCTION, PURIFICATION, AND PROPERTIES 
OF BENZENE. 

Destructive Distillation of Coal. — When coal is strongly 
heated, out of contact with the air, it undergoes very complex 
changes, and yields a great variety of gaseous, liquid, and solid, 
volatile products, together with a non-volatile residue of coke. 
This process of dry, or destructive, distillation is carried out on 
the large scale in the manufacture of coaPgas, for which purpose 
the coal is heated in fire-clay or iron retorts, provided with air- 
tight doors ; the gas and other volatile products escape from the 
retorts through pipes, and when distillation is at an end, the 
coke, a porous mass of impure carbon, containing the ash or 
mineral matter of the coal, is withdrawn. 

The hot coal-gas passes first through a scries of pipes or cow 
denserSj kept cool by immersion in water, or simply by exposure 
to the air, and, as its temperature falls, it deposits a considerable 
quantity of tar and gas-liquor, which are run together into a 
large tank ; the gas is then passed through, and sprayed with, 
water, in washers and scrubbers, and, after having been further 
freed from tar, ammonia, carbon dioxide, and hydrogen sulphide, 
by suitable processes, it is led into the gas-holder and used for 
illuminating and heating purposes. • The volume percentage com- 
position of purified coal-gas is, very roughly : 112 = 47, — 

CO = 8, COg = 2, Ng = 3, and hydrocarbons (acet 3 dene, ethylene, 
benzene, Szo.,), other than methane, =4, but varies widely with the 
nature of the coal and the temperature of the retorts. 

The coal-tar and the gas-liquor in the tank separate into two 
layers; the upper one consists of gas-liquor or ammoiiiacal- 

825 



326 


Production, Purification, 


liquor (a yellow, unpleasant-smelling, aqueous solution of anini- 
oiiiuni hydrogen carbonate, ammonium hydrosulphide, and 
numerous other compounds), from which some of the ammonia 
and ammonium salts of commerce are obtained. The lower layer 
in the tank is a dark, thick, oily liquid of sp. gr. IT to T2, 
known as coal-tar. It is a mixture of a great number of organic 
compounds, and, although at one time it was considered to be 
an obnoxious by-product, it is now the sole source of very many 
substances of great industrial importance. 

^More than 200 compounds have been proved to be present in coal-tar,, 
but not all of these in any given sample ; most of them are aromatic 
compounds (p. 352). Very large quantities of coal are also destructively 
distilled in coke-ovens, in the manufacture of coke for metallurgical 
operations ; the products are similar to those obtained in a gas-works. 
The tar from the low temperature carbonisation of coal, for the production 
of a smokeless fuel {coalite), contains a much larger proportion of 
aliphatic substances (p. 351) than does ordinary coal-tar. 

Fractional Distillation of Coal-tar. — In order to effect the 
separation of its components, the tar is submitted to fractional 
distillation ; it is heated in large wrougbt-iron stills or retorts, 
the vapours which pass off are condensed in long iron or lead 
worms immersed in water, and the liquid distillate is collected 
in fractions. The point at which the receiver should be changed 
is ascertained by means of a thermometer, which dips into the 
tar, as well as by the character of the distillate. Sometimes this 
distillation is carried out under reduced pressure; there is then 
less decomposition of some of the valuable components of the tar. 

In this way the tar is separated into the following fractions 
of which the given temperature limits are only approximate : 

I. Light oil or crude naphtha . Collected up to 170°. 

II. Middle oil or carbolic oil . a between 170° and 230°. 

III. Heavy oil or creosote oil . n ti 230° 270°. 

IV. Anthracene oil n above 270°. 

V. Pitch ' Residue in the still. 

I. The first crude fraction separates into two layers — namely, 
gas-liquor (which the tar always retains mechanically to some 
extent) and an oil which is lighter than water, its sp. gr. being 

1 The consideration of those portions of the text printed in small type, except 
details of the preparation of typical oompotuids, may be postponed until the 
more important subject, matter has been studied. 
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about 0*975, lienee the name llijht oil. This oil is first redistilled 
from a smaller iron retort and the distillate is collected in three 
principal portions — namely, from 80-110°, 110-140°, and 140- 
170° respectively. All these fractions consist principally of 
hydrocarbons, but contain basic substances, such as p3rridine, 
acidic substances, such as phenol or carbolic acid, and various 
other compounds ; they are, therefore, separately agitated, first 
with caustic soda, whicli removes the phenols (p. 420), and 
then witli sulphuric acid, which dissolves out the basic sub- 
stances, and are washed with water after each treatment ; after- 
wards they are again distilled. The oil, obtained in this way 
from the fraction collected between 80° and 110°, consists 
principally of the hydrocarbons, benzene and toluene, and is 
sold as ‘ 90 per cent, benzol ’ ; that obtained from the fraction 
110-140° consists essentially of the same two hydrocarbons 
(but in diflfererit proportions), together with xylene, and is sold 
as ^50 per cent, benzol.^ These two products are not usually 
further treated by the tar-distiller, but are worked up in the 
manner described later. The oil from the fraction collected 
between 140° and 170° consists of the hydrocarbons, xylene, 
psendocumene, rnesitylene, &c., and is employed principally as 
‘solvent naphtha,’ also as ‘burning naphtha.’ 

Coinnierclal ‘90 per cent, benzol’ contains about 70 per cent., and 
‘50 per cent, benzol,’ about 46 per cent, of pure benzene; the tenns 
refer to the proportion of tlie mixture Avhich passes over below 100" 
when the commercial product is distilled. Benzene, toluene, and 
xylene are known commercially as benzol, toluol, and xylol respectively. 

II. The second crude fraction, or middle oil, collected between 
170° and 230°, has a sp. gr, of about 1*02, and consists prin- 
cipally of naphthalene and carbolic acid. Ou being cooled, 
the naphthalene separates in crystals, which are drained and 
pressed to squeeze out liquid carbolic acid and other substances ; 
the crude crystalline product is further purified by treatment 
with caustic soda and sulphuric acid successively, and is finally 
sublimed or distilled. The oil from which the crystals have 
been separated is agitated with warm caustic soda, which dis- 
solves the carbolic acid and other phenols; the solution is then 
drawn off from the insoluble portions and treated with sulphuric 
acid, whereon crude carbolic acid separates as an oil, which is 
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washed with water and distilled ; it is thus separated into crystalline 
carbolic acid and a liquid mixture of phenols (cresylic acids), used 
in making Bakelite (p. 426), disinfectants (p. 429), &c. 

III. The third crude fraction, collected between 230° and 
270°, is a greenish-yellow, fluorescent oil, specifically heavier 
than water ; it contains carbolic acid, cresol, naphthalene, 
anthracene, and other substances, and is chiefly employed under 
the name of 'creosote oil' for the preservation of timber. 

ly. The fourth crude fraction, collected at 270° and ui>wards, 
consists of anthracene, phenanthrene, and otlier hydrocarbons, 
which are solid at ordinary temperatures, and wliicli are deposited 
in crystals as the fraction cools ; after having been freed from 
oil by pressure, and further purified by digestion with solvent 
naphtha (which dissolves the other hydrocarbons more readily 
than it does the anthracene), the product is sold as ‘ 50 per 
cent, anthracene,' and is employed in the manufacture of various 
dyes. The oil drained from tlie anthracene is redistilled, to 
obtain a further quantity of the crystalline product, the iioii' 
crystallisable portions being known as ‘anthracene oil.’ 

V. The pitch in the still is run out while it is hot, and is 
employed for the preparation of varnishes, for the protection of 
wood and metal work, and for the production of asphalt. 

A very large quantity of tar which has been freed from the 
more volatile components only, is used in road-making. 

The table, opposite, summarises the results of tar distillation 
and shows tlie more important commercial products and a few 
of their uses ; most of the components of the tar, however, are 
employed principally in the manufacture of dye-stuffs. 

The Isolation of Benzene. — The crude ‘ 90 per cent, benzol ' of 
the tar-distiller consists essentially of a mixture of benzene and 
toluene, with small proportions of xylene and other substances ; on 
further fractional distillation it gives commercial benzene of high 
quality, which can be used for all ordinary purposes, but which 
still retains small quantities of toluene, paraffins, carbon disulphide, 
and other substances. For further purification, the benzene may 
be cooled in a freezing-mixture and the crystals quickly separated 
by filtration from the mother-liquor, which contains most of the 
impurities; after this process has been repeated, the hydrocarbon 
should boil constantly at 80-81°. 
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Even after having been submitted to ci-ystallisation as well as distilla- 
lion, the benzene is not pure, and when it is shaken with col<l concentrated 
snlphuiic acid, the latter darkens in colour owing to its having charred 
and dissolved the impurities; pure benzene, on the other hand, does 
nob char with sulphuric acid, so that when the inipure liquid is repeat- 
edly shaken with small quantities of the acid, until the latter ceases to 
he discoloured, most of the foreign substances are removed. 

Coal-tar benzene, which has not been purified in this way, contains a 
sulphur compound, C 4 H 4 S, named thio^ha\e^ which was discovered by 
V. Meyer (p. 520) ; tire presence of thiopliene is readily detected by 
shaking the sample with a little concentrated sulphuric acid and a trace 
of isatin (an oxidation product of indigo, p. 525), when the acid assumes 
a beautiful blue colour (indopheniii reaction). Thiophene resembles 
benzene so closely in chemical and physical projievties that it cannot 
be easily separated from the latter; it may, however, be extracted with 
sulphuric a<;id; , above), which sulphonates and dissolves thiophene more 
readily than it does the hydrocarbon. 

Although practically the whole of the benzene of commerce 
(‘benzor) is prepared from coal-tar,^ the hydrocarbon is also 
present in small proportions in wood-lar, in certain varieties of 
petroleum (p. 63), and in tlie tarry distillate of many other sub- 
stances, sucli as shale, peat, &c. ; it may, in fact, bo produced, 
together with related compounds, by passing the vapour of alcohol, 
ether, petroleum, or of many other organic substances through a 
red-hot tube, under which conditions, no doubt, very complex 
changes occur. 

Benzene, CgH^, was discovered by Faraday in 1825 in the gas 
produced by the destructive distillation of vegetable oils and, twenty 
years later, Avas found in coal-tar by Hofmann. 

It may be produced synthetically by merely heating acetylene 
at a dull-red heat, 

many other hydrocarbons (toluene, diphenyl, indene, naphthalene, 
anthracene, phenanthrene, &c.) are formed at the same time. 

Acetylene, /rc« from air^ is collected over mercury in a piece of hard 
glass* tubing, closed at on(5 end and bent at an angle of about 120® ; the 
tube is about half-filled with the gas, and a piece of copper gauze is 
Avrapped round a portion of the horizontal limb, as shown (Fig. 24). This 
portion is then carefully heated with a Bunsen burner; after a short time 

1 Hometimes the coal-gas is washed (stripped) with some heavy oil, such as 
creosote, in order to extract from it benzene and other volatile hydrocarbons. 
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fumes appear, and minute drops of liquid condense on tlie colder parts 
of the tube. A\iieii it has been heated during al)out fifteen minutes, the 
tube i.s allowed to cool ; the mer- 
cury then rises above its original n 

level. [I 

This conversion of acetylene I 

into benzene is a process of poly- I 

Tiierisation, and was first accom- 
plished by Borthelot. It is a 
particularly important synthesis 
of benzene from its elements, 
because acetylene may be ob- 
tained by the direct comV^ination 
of carbon and hydrogen or from 
calcium carbide (p, 89). 

Benzene may also be obtained 
by heating benzoic acid (p. 451) 
or sodium benzoate witli soda- 
lime, a reaction which recalls 
the formation of methane from sodium acetate, 

+ KagCOg. 

All other benzene derivatives may be converted into the parent 
hydrocarbon by appropriate methods. 

The analysis of benztuie shows that it consists of 92*3 per cent, 
of carbon and 7*7 per cent, of hydrogen, a result which gives the 
empirical formula, CII ; since ilje vapour density of benzene is 
39, its molecular weight is 78, which corresponds with iha inolecular 
forniula, C^Hg. 

At ordinary temperatures benzene is a colourless, highly re- 
fractive, mobile liquid of sp.gr. 0*8799 at 20"", which boils at 
80-2°; when it is cooled in a freezing-mixture it solidifies to a 
crystalline mass, melting at 6*5°. It has a burning taste, a 
peculiar, not unpleasant smell, and is highly inflammable, burning 
with a luminous, very smoky flame, which is indicative of its 
richness in carbon ; the luminosity of an ordinary coal-gas flame, 
in fact, is partly due to the presence of benzene. Although 
practically insoluble in water, benzene mixes with liquids such 
as etlicr and petroleum in all proportions ; it readily dissolves 
fats, resins, iodine, and other substances which are insoluble in 
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water, and for this reason is extensively used as a solvent and 
fur cleaning purposes ; it is also used as a motor-fuel, and for the 
manufacture of nitrohenzeno (p. 383) and many other intermediates 
for the production of dyes, drugs, &c. 

Benzene is a very stable coinpound, and, except wlien it is 
burned, is resolved into simpler substances only with great difii^ 
culty ; when it is boiled with concentrated alkalis, for example, it 
undergoes no change, and even when it is heated with solutions 
of such vigorous oxidising agents as clirornic acid or potassium 
permanganate, it is only very slowly attacked and decomposed, 
carbon dioxide, water, and traces of other substances being formed. 
Under certain conditions, however, l)enzene readily yields sidh 
dUiition products; concentrated nitric acid, even at ordinary 
temperatures, converts the liydrocarbon into vitrohenzene by tlie 
substitution of the univalent nitro-group, -NCU, for an atom of 
hydrogen, 

+ HNO3 - C.H.-NOo + up ; 

and concentrated sulphuric acid, slowly at ordinary, more rapidly 
at liiglier, temperatures, transforms it into henzeiiesul phonic acid^ 

c A + u,so, ^ cy IUSO3I1 + H,o. 

Chlorine and bromine, in the absence of direct sunlight and at 
ordinary temporatures, react witli benzene only very slowly, 
yielding suhsHtution products, such as cMoTobenze7ie, C^-H^Cl, 
hromohenzene, C^jH^Br, diclilorohcnztme, CglT^Clg, &c. ; when, how- 
ever, some halogen carrier (p. 371), such as iron or iodine, is 
present, action takes place readily at ordinary temperatures, even 
in the dark, substitution products again being formed. 

In bright sunlight the hydrocarbon is rapidly converted into 
additive products, > such as benzene hexacMoride, C^^H^jClg, and 
henzeM hexahromide, by direct combination with six 

(but not more than six) atoms of the halogen. 

It also combines with (molecular) hydrogen in the presence of 
catalysts, giving hexahydrobtnzme^ (P* 
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CHAPTER XXL 

CONSTITUTION OF BENZENE, AND ISOMERISM OF BENZENE 
DERIVATIVES. 

It will be seen from the facta just stated tliat nlthtaigb lienzene, 
like the ])araffiTis, is an extKJinely stable substance, it differs from 
these hydrocarbons very considerably in cljemical behaviour, more 
especially in being comparatively readily acted on by nitric acid 
and by sulphuric acid ; further, wlien its pro])erties arc compared 
with those of the unsaturated hydrocarbons of the olefine or 
acetylene series, the contrast is even more striking, because the 
proportion of carbon to hydrogen in the molecule of benzene, 
would seem to indicate a relation to tljese uiisaturated 
hydrocarbons. 

In order, then, to obtain some clue to the constitution of benzene, 
it is clearly of importance to consider carefully the properties of 
some uiisaturated hydrocarbons of known constitution, and to 
ascertain in what respects they differ from those of benzene ; 
for this purpose the compound dij/ropanjyl, CH iC'CH.^'CHo'CiCII 
(p. 95), may be chosen, as it has the same molecular formula as 
benzene. 

Now, although dipropargyl and benzene are isomeric, they are 
completely different in chemical behaviour; tlie fprnier is very 
unstable, readily undergoes polymerisation, combines energetically 
with bromine, giving additive compounds, and is immediately 
oxidised by various reagents ; it show's, in fact, all the properties 
of an unsaturated hydrocarbon of the acetylene series. Benzene, 
on the other hand, is extremely stable, is comparatively slowdy 
acted on by bromine, giving (usually) substitution products, and 
is oxidised only with difficulty even by the most vigorous re- 
agents. Since, therefore, dipropargyl must be represented by 
the above formula in order to account for its metliod of formation 
and chemical properties, the constitution of benzene could not 
possibly be expressed by any similar formula, such as, 

CH3C : CC : CCH3 or CH2:C:CHCH:C:CH2, 
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because coiupoimds similar in constitution are always more or less 
similar in propeiti(‘s, and any such formula would not afford the 
sliglitest indication of the fundamental differences between 
benzene and ordinary unsaturatod hydrocarbons of the olefine 
or acetylene series. 

Tliese and many other facts, which were establislied during the 
iiircstigation of benzene and its derivatives, led Kekulc^ (1865) to 
conclude that Hie six carbon atoms in benzene form a closed-chain or 
nucleus^ that the molecule of benzeyie is symmetrical^ and that each 
earbrni atom is directly united, iriih one (and only one) atom of 
hydrogen^ as represented below : 

H 


O 



I 


H 

These views are now universally accepted, and the evidence on 
wliicli tliey are based is given later ; there is, however, at least 
one important point which lias still to he discussed — namely, what 
is the best way of representing the state of comhinatijn of the 
carbon atoms'! 

The structural formulfc of organic compounds are based on the 
assumption that carbon is always quadrivalent^; this assumption, 
as already explained (p. 45), is expressed in graphic formulae by 
drawing four lines from the symbol of each carbon atom, in such 
a way as to show with whicli other atoms or groups the particular 
carbon atom in question is directly united. Now, in the case of 
benzene, it is clear that two of the four lines or bonds, which 
represent the valencies of each carbon atom, must he drawn to 
meet two other carbon symbols, because unless each carbon atom 
is directly united with two others, the six could not together form 
a closed-chain ; a third line or bond must he drawn to meet a 
hydrogen symbol, because each carbon atom is directly united 
with hydrogen. In this way, however, only three of the four 
units of valency of each carbon atom are shown, and the question 

1 In a relatively insignificant number of compounds carbon acts as a tervalent 
element, but such substances are unsaturated and usually unstable. 
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remains, how may the fourth one be represented so as to give the 
clearest indication of the behaviour of benzene? Many chemists 
have attempted to ansAver this question, and several constitutional 
formulae for benzene have been put forward ; tliat suggested by 
Kekul(5 in 1865 was for a long time considered to be the most 
satisfactory, but others, such as those of Claus and Ladenburg, 
also received support : 





Kekiil6. 


Claus. 

(Diagonal forniula.) 


Ladenburg. 
(Prism formula.) 


It will be seen that all these three formul® portray the molecule 
of benzene as a symmetrical closed-chain of sijF carbon atoms, and 
that tliey differ, in fact, only as regards the representation of the 
way in which the carbon atoms are united with one another; this 
difference, moreover, only concerns the state or condition of one 
of the units of valency of each carbon atom. In Kekule’s formula, 
for example, two lines (or a double bond) are drawn between 
alternate carbon atoms, a method of expression which is the same 
as that adopted in the case of ethylene and other olefines ; in the 
formulae of Claus and Ladenburg, on the other hand, each carbon 
atom is represented as being directly united with three others (but 
with a different three in the two cases). 

As it is unnecessary to enter here into a full discussion of the 
relative merits of the above tliree formulae, it may be stated briefly 
that those of Claus and Ladenburg do not accord with certain 
facts which have been established by Baeyer and others, while 
that of Kekul(3 suggests a close relationship between benzene and 
the olefines, which does not exist. In order to meet these objec- 
tions, it was proposed by Armstrong, and shortly afterwards by 
Baeyer, that the constitution of benzene should lie represented by 
the formula, 

Org. 


23 



Constitution of Benzene* 


dae 


H 


h 





Annstrong-Baeyer (Cantric formula). 

One unit of valency of each of the (six) carbon atoms is here 
represented as being dh'erted towards a centre (as shown by tlie 
arrows) in order to denote that this particular unit does not form 
a link with a single atom only, in the usual way, but has a general 
attraction for all the other carbon atoms of the nucleus. This 
symbol, named by Baeyer the cerdric fommla^ was preferred to 
Kekul4*s formula, because it did not represent the molecule as con- 
taining ‘double bindings* similar to those sliown in the formulae 
of the olefines, and so did not imply that benzene and the olefines 
are similar in chemical behaviour. 

The centric formula, however, is not entirely satisfactory ; when 
a model of it is examined, it will be seen that the hydrogen atoms do 
not lie in the same plane as the carbon atoms, whereas it is known 
from X-ray examination (p. 44) and other evidence that they actually 
do so, in accordance with the Kekul6 structure. 

The further discussion of this problem, in the light of considera- 
tioiis based on the electronic theory of valency (Part III.), has led 
to the conclusion that one of the four units of valency of each carbon 
atom is not concerned with one other carbon atom only^ hut is dis- 
tributed over the molecule ; as this particular bond cannot be repre- 
sented in the ordinary way, the constitution of benzene is expressed 
by the symbol on p. 334. 

This symbol (or formula), although incomplete, summarises the 
main facts concerning the structure of the hydrocarbon, and also 
serves to elucidate the general behaviour of benzene and the 
isomerism of its derivatives as shown below. 

In the first place, it may be repeated that benzene is a very 
stable substance; although it is acted on by powerful reagents, 
such as nitric acid, sulphuric acid, chlorine, and bromine, and 
thereby converted into new compounds, all these products or de- 
rivatives of benzene contain six carbon atoms ; the hydrogen atoms 
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may he displaced by certain atoms or groups, which in their turn 
may be displaced by others ; but, in spite of all these changes, the 
six atoms of carbon remain, forming, as it were, a stable and per- 
manent nucleus. This is expressed in the formula by the closed- 
chain of six carbon atoms, all of which are represented in the same 
state of combination, which implies that there is no reason why 
one should be attacked and taken away more readily than another. 

Again, a great many compounds, which are kno^vn to be de- 
rivatives of benzene, contain more than six atoms of carbon ; when, 
however, such compounds are treated in a suitable manner, they 
are easily converted into substances containing six, but not kas 
than six, atoms of carbon. This fact shows that in these benzene 
derivatives there are six atoms of carbon which are in a diflerent 
state of combination from the others, and thus emphasises the exist- 
ence of the stable nucleus ; the additional carbon atoms, not forming 
part of this nucleus, are more easily attacked and removed. 

Further, it must l>e remembered that althougli heiizeue usually gives 
ftuhstitution products, it is capable, under certain conditions, of forming 
additive jiroducts (j). 332 ) ; this behaviour i.s also accounted for. In tl»e 
formula, only three of the four units of valency of each carbon atom are 
slmwn to be normally engaged ; each earhon atom, therefore, is capable 
of combining directly with one univalent atom or group, so as to form 
finally a fully saturated compound of the type, 


X H 
V 
C 



A 


Isomerism of Benzene Derivatives, 

The most convincing evidence that tlie molecule of benzene is 
symmetrical is derived from a study of the isomerism of benzene 
derivatives. It has been proved, in the first place, that it is 
possible to substitute 1 , 2 , 3 , 4 , 5 , or 6 univalent atoms or groups 
for a corresponding number of the hydrogen atoms in benzene, com- 
pounds such as hromohenzene^ C^HgBr, dinitrohenzene.^ C^^H4(N02)i5J 
trimethylhenzene^ 0^113(0113)3, tetracMorohenzene^ O^HgCl^, penia- 
methylhenzenBy 0gH(0H3)3, and liexacarhoxyhenzem^ (^^(COOH)^, 
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being produced ; the substituting atoms or groups, moreover, may 
be identical or different. 

The examination of such substitution products of benzene has 
shown that wlien only one atom of hydrogen is displaced by any 
given atom or group, the same compound is always }>roducod — that 
is to say, the mono-suln^titutimi products of benzene exist in one 
form only ; when, for example, nitrobenzene^ C^^Hr/NOo, is prepared, 
no matter in what way this change may be brought about, the 
same suljstance is always })roduced. 

This might be explained, of course, by the assumption that 
one particular hydrogen atom was always displaced by the nitro^ 
group; when, for example, acetic acid is treated with sodium 
hydroxide, since only one of the four hydrogen atoms is displace- 
able, the same salt is invariably produced. In the case of benzene, 
however, it has been sliown that although every ojie of the six 
hydrogen atoms may be displaced in turn, the same substance is 
always formed. 

The only possible conclusion to be drawn from this fact is 
that all tlie hydrogen atoms are in exactly similar positions 
relatively to the rest of the molecule; if this w(u*c not so, ami 
the constitution of benzene were represented by any formula such 
as the following, 

(a) H— Cv /C—H (a) 

ll>c-c<(|i 

(a) II—C^ I I \C— H (a) 

H H 

{h) {f>) 

in which some of the hydrogen atoms {a) are differently situated 
from the others (6), it would be possible to obtain isomeric mono- 
substitution products. 

By the substitution of tioo univalent atoms or groups for two 
of the atoms of hydrogen in benzene, three, but not more than 
three, isomerides are obtained; there are, for example, tliree 
dinitrohenzenes, CgH4(N 03)2, three diln'omohenz&nes, Br^, 

three dihydroxyheiizenes, C6H4(OH)5^, three nitrohydroxyhenzenes, 
C«H4(N02)-0H, and so on. 

Now the existence of the three isomerides can be easily 
accounted for with the aid of the closed-chain structure given on 
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p. 334, wliich, for this purpose, may conveniently be represented 
by a liexagon, numbered as shown, the symbols C and II and tlie 
lines wliich are there drawn between them being omitted, for tlie 
sake of simplicity : 



4 ^ 


Suppose that any mono-substitution product, ( wliich, as 
already stated, exists in one form only, is converted into a di- 
substitution product, then if the position occupied by 

the atom or group (X), which is first introduced, is numbered 1, 
the second atom or group may have substituted any one of the 
hydrogen atoms at 2, 3, 4, 5, or 6, giving a substance the con- 
stitution of which might be represented by one of the following 
five formulse ^ : 


X X X X X 



I. IT. HI. IV. V. 


These live formulGe, however, represent three isomeric sub- 
stances, and three only. The formula iv. represents a compound 
in which the several atoms occupy the same relative positions as 
in the substance represented by ii., and for the same reason the 
formula v. is identical with i. Although there is at first sight 
an apparent difference, a little consideration will show that this 
is simply due to the fact that the forniulie are viewed from one 
point only ; if the formuhn iv. and v. are written on thin paper 
and then viewed through the jiaper, it will be seen that they are 
identical with n. and i. respectively. Pkicli of the formulae i., 
II., and III., however, represents a different substance, because in 
no two cases are all the atoms in the same relative positions; 
in other words, such di- substitution products of benzene exist 
in three isomeric forms. 

I Strictly speaking, these are merely symbols, but are usually called formulas 
because they serve as substitutes for the more complete structural representations 
(compare p. 336). 
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In the foregoing examples the two substituent atoms or groups 
have been considered to be identical; but even wlien they are 
different, experience has shown that only tliree di-substitution 
products can be obtained, and this fa<d, again, is explained hy 
the accepted formula. When in the above five symbols a Y is 
written in the place of one X, to express a difference in tlie 
substituent groups, it will be seen that, as before, the formula r. 
is identical with v., and ii. with iv., but that i., ii., and in. all 
represent different arrangements of the atoms — that is to say, 
three different substances. 

Since the di-substitution products of benzene exist in three 
isomeric forms, it is necessary to have some way of distinguish- 
ing them by name; for this reason all di-substitution products, 
which are found to have the constitution represented by the 
formula i., are called ortho-com pounds, and the substituent atoms 
or groups are said to be in the ortho- or l:2-position to one 
another : those substances, which may be represented by the 
formula n., are termed meta-corn pounds, and the siihstitueiit 
atoms or groups are spoken of as occupying the meta- or 1:3- 
position ; the term, para^ is applied to compounds represented })y 
the formula in., in which the atoms or groups are situated in 
the para- or l:4-position. 

Ortho compounds, then, are those in which it is concluded, for 
reasons given later (p. 343), that the two substituent atoms or 
groups are combined with carbon atoms, which are tliemselves 
directhj united. Instead of the constitution of any ortho-com- 
pound being expressed by the formula i., wbicb represents the 
substituent atoms or groups as combined with the carbon atoms 
1 and 2, the result would be just the same if the substituents 
were shown to be united with the carbon atoms 2 and 3, 3 and 
4, 4 and 5, 5 and 6, or 6 and 1 ; all such arrangements would be 
identical because the benzene molecule is symmetrical, and the* 
numl>ering of the carbon atoms simply a matter of convenience. 
In a similar manner the substituent atoms or groups in meta- 
compounds may be represented as combined with any two (jarbon 
atoms which are not themselves directly united, but linked 
together by one carbon atom ; it is q\iite immaterial which two 
carbon atoms are chosen, since atoms or groups occupying the 
1:3-, 2:4-, 3:5-, 4:6-, or 5:l-position are identical as regards their 
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relation to all the other atoms of the molecule. For the same 
reason para-compounds may be represented by placing the sub- 
stituent atoms or groups in the 1:4-, 2:5-, or 3:6-positioii. 

When more than two atoms of hydrogen in benzene are dis- 
placed, it has been found that the number of isomerides varies 
according as the substituent atoms or groups are identical or not. 
By displacing three atoms of hydrogen by three identical atoms 
or groups, three isomerides can be obtained, three trimethylhenzeneSy 
06 ^ 3 ( 0113 ) 3 , for example, being known. Again, the existence 
of these isomerides can be easily accounted for, since their 
constitutions may be represented as follows : 



1:2:3- or Adjacent. 1:2:4- or Unsymmetrical. 1:3:5- or Symmetrical. 

No matter in what other positions the substituent atoms or 
groups are placed, it will be found that the arrangement is the 
same as that represented by one of these three formula 3 ; the 
position 1:2:3, for example, is identical with 2:3:4, 3;4;5, &c. ; 
1:3:4 with 2:4:5, 3:5:6, &c. ; and 1:3:5 with 2:4:6. For the 
purpose of distinguishing such tri-substitution products by names, 
the terms given above are often employed. 

The tetra-substiiiition products of benzene, in which all the substituent 
atoms or groups are identical, also exist in three isomeric forms repre- 
sented by the following formulae; 


XXX 



1:2:8:4. 1:2:3:6. 1:2:4:6. 


When, however, five or six atoms of hydrogen are displaced by identical 
atoms or groups, only one substance is produced. 

When more than two atoms of hydrogen are displaced by atoms 01 
groups which are not all identical, the number of isomerides which can 
he obtained is very considerable. In the case of any tri -substitution 
product, CgHaXaY, for example, six isomerides miglit be formed, as 
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may be easily seen by assigning a definite position, say 1, to Y ; the 
isoinerides would then be lepresented by formnlpc in which the groups 
occupied the positions 1:2:3, 1:2:4, 1:2:5, 1:2:6, 1:3:4, or 1:3:6, all of 
which would be different (compare p. 347). In a similar manner the 
number of isoinerides theoretically obtainable in the case of all lienzene 
derivatives, however complex, may be deduced with the aid of the 
hexagon symbol. 

All the cases of isomerism considered up to the present have 
been due to the different relative positions of the substituent 
atoms or groups combined with the benzene nucleus ; as, how- 
ever, many benzene derivatives contain groups of atoms, which 
themselves exhibit isomerism, such groups may give rise to 
isomerides comparable with those of the paraffins, alcohols, (fee. 
There are, for example, two isomeric hydrocarbons of the com- 
position, namely, \>Topylbenzme^ CgHr/CH^^'CHg'CHg, 

and isoprop^jlbenzene, CgHr/CH(CH3)2, just as there are two 
isomeric compounds of the composition, As, moreover, 

propyl- and isopropyl-benzene, (.yi^'C^H^, are isomeric with the 
three (ortho-, meta-, and para-) etliylmetliylhenzcnes, C,.H4(C2H5)’Cll3, 
and also witli the three (adjacent, symmetrical, and unsynimetrical) 
trhnethjlbenzeufls, 00113(0113)3, there are in all eight hydrocarbons 
of the molecular formula, OgH^g* derived from benzene. 

In studying the isomerism of benzene derivatives, the clearest 
impressions will he gained by making use of a simjile, unnum- 
bered liexagou to represent O^H^, and by expressing tlio constitu- 
tions of simple substitution products by formulae (or symbols, 
footnote p. 339 ) such as. 



OH 


C/hlorobenzene. Catechol. Nitroplionol. Trim ethyl Jjenzene. 

The omission of the symbols C and H is attended by little, 
if any, disadvantage, because, in order to convert the above into 
the ordinary molecular formulae, it is only necessary to write G0 
instead of the hexagon, and then to count the unoccupied corners 
of the hexagon to find the number of liydrogen atoms of the 
nucleus, the substituent atoms or groups being added afterwards. 
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In the case of cidorohenzene^ for example, there are five unoccupied 
corners, so tljat tlie inolecuJar formula is C^Hr,CJ ; wliereas in the 
case of trimethylbenzene tliere are three, and the formula, there- 
fore, is CflH3(CH.|)3. 

As, however, such graphic expressions occupy a great deal of 
space, their constant use in a text-book is inconvenient, ajid other 
methods are adopted. The most usual course in the case of the 
di-derivatives is to eni})loy the terms ortho-, meta-, and ])ara-, or 
simply the letters o,m, and p, as, for example, oxiho-dmiirofHmzi'iu' or 
o-(iinifrohmzene^ meta-7«^/wrn//mc or m-nitroaniluie^ \>^x^-nifro})bei}ol 
or 'p-nitrophenol. I'he relative ])ositions of the atoms or groups 
may also be expressed bynum])ers; for example. 


may be described as \:%chlor(mifr()he 7 izen(\ as ^ \ or 

J » t> 4 


1 2 

as CeTT4Cl’^H}2, tlic corresponding para-compound as T. 4 -r///o?*o- 
C 1 ( 1 ) ^ 

nitrohenzeMe, as , or as C.TLCi'NO.,, and so on. 

^ 'N(X,( 4 ) ^ 


111 tlie case of the tri derivatives the terms symmetrical, unsymmetrical, 
and adjacent (com})are p. 341) mav be employed when all tlie atoms or 
group.s are tlie same, hut when they arc dillerent the constitnlion of 
the coniponiid is expressed with the aid of numbers; the tribromoaviline 
of the constitution, 



I 

Hr 


1 2 4 6 

for example, is represented hy C^HjjHrpNH.j [NHodlr.Urdlr], or by 
CgHyBrjt'NHa 1 :2:4:()], hut it is of course cpiite immaterial 

from which corner of tli^ hexagon the numhering is commenced. 


'fdie Orientation of Benzene Derivatives. 

Since the di-substitution products of benzene, such as dibrowo- 
henzene^ C^JI^Brg, dilnjdroxyhenzeney CgH4(t)H)2, and nitmmiline, 
0^114(^02^1^ Hg, exist in three isomeric forms, it is now necessary 
to consider how the constitution of any such derivative is estab- 
lished ; that is to say, how to ascertain whether the substituents 
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are arranged or orientated in the ortho-, meta-, or para-position 
in the molecule of the compound. 

Now the methods which are adopted in tJie orientation of di- 
substitution products at the present time are comparatively simple, 
but they arc based on the results of work which has extended 
over many years. One of tlie more important results of such 
work has been to prove that a given di-substitution product 
of benzene may be converted by more or less direct methods 
into many of the other di-substitution products of the Bawe 
type. Qx\^io diniirohenzmf\ CrtH4(NO.,)2, for example, may be 
transformed into o-diaminohenzene, QIf^(NIl2)2, o-dihpdroxy- 
henznie, o-dihrowohenzene^ 1’o, o-dimethiilhenzene^ 

0^114(0113)2, and so on ; corresponding changes are also possible 
with meta- and para-compounds. If, therefore, it can be found 
to which type a given di-substitution product belongs, the orienta- 
tions of other di-siibstitution products, which mny be derived 
from, or converted into, this compound, are therel)y determined. 
There are, for example, dinit rohemzeim^ melting at 90"^^', 118°, 

and 173° respectively ; now if it could be proved Unit the com- 
pound melting at 90° is a meta-derivative, then it might be con- 
cluded that the diamino-, dihydroxy-, dibromo-, and other di- 
derivatives of benzene, obtained from this particular dinitro- 
compound by substituting other atoms or groups lor the two 
nitro-grou])S, must also be meta-compounds; it would also be known 
that the di-derivatives of benzene obtained from the other two 
dinitrobenzenes, melting at 118° and 173° respectively, in a similar 
manner, are either ortho or para-compounds as the case may be. 

In a few reactions, particularly in those whicli take place at a high 
temperature, ilie initial product may undergo a subsequent change ; an 
ortho- or para comi>ound, for example, may be transformed into a meta- 
derivative (compare p. 423). 

Obviously, then, it is necessary, in the first place, to orientate 
or determine the constitutions of those di-derivatives, which are 
afterwards to be used as standards. 

As an illustration of the methods and arguments originally 
employed in the solution of problems of this nature, the cases 
of the dicarboxy- and dimethyl-derivatives of benzene may be con- 
sidered. Of tlie three benzenedicarboxylic acids, C(5H4(COOH)2, 
one — namely, pJithalic acid (p. 457) — is very readily converted 
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into its anhydride, hut all attempts to prepare the anhydrides 
of the other two acids (tftophtha/ir arid and terephthaUr acid, 
p. 459) have been unsuccessful. It is assumed, therefore, that 
the acid which gives the anhydride is the o-com pound, because, 
from a study of the behaviour of many other dicarboxylic 
acids, it has been found Uiat anhydride formation takes j>lace 
mdst readily when the two carboxyl-groups are severally com- 
bined with two car])on atoms, which are tliemselves directly 
united, as, for example, in the case of succinic acid. In other 
words, if the grapliic formulae of succinic acid and of the tliree 
isomeric beiizenedicarhoxylic acids are compared, it will be evident 
that the relative positions of the two carboxyl-groups in the 
o-cornpound seem to be the same as in succinic acid, but this 
is quite otherwise in the case of the m- and p compounds : 



For this reason, phthalic acid may be provisionally regarded as 
an or^//o-benzenedicarboxylic acid. 

Again, the hydrocar])on, mesitylene, one of the three triniethyl- 
benzenes, may he produced synthetically from acetone (p. 353), 
and its formation in this way can be explained in a simple 
manner, only on the assumption that mesityleno is the symntcU 
Heal trimethylbenzene of the constitution, (A) ; 



Dimetliylbenzeno. Isophthalic Acid. 

(m-Xylena) 


When this hydrocarbon is carefully oxidised, it yields an acid, 
(B), of the composition, CgH 3 (Cllj{).j'COOH (by the conversion 
of one of the methyl-groups into carboxyl), from which a dir 
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rnethylbenzene^ C^H4(Cilr^).>, (C), is easily obtained by Jieating 
the acid with soda-lime. This dimethylbenzene, therefore, is 
a me^a-compound, because no matter which of the original 
three methyl-groups in mesitylene has been finally displaced by 
hydrogen, the remaining two must occupy the m-positioii. I>Jow 
when this m-dimethylbenzene is oxidised with chromic acid, it is 
converted into a dicarboxylic acid, (J)) — namely, isophthalic acid^ 
0^114(00011)2 — which, therefore, must also be regarded as a nieta 
compound. The constitutions of two of the three isomeric di- 
carboxy-derivatives of benzene having been thus determined, that 
of the third — namely, lerephtfialic acidy the />a?*a-compound — 
is also settled. 

The three dicarboxylic acids having been orientated, it is a 
comparatively simple matter to determine the structures of the 
tliree dimethylhenzenes ; one of them having been found to be 
the meta-compound, all that is necessary is to submit each of the 
otlier two to oxidation, and that wliich gives ])hthalic acid will 
be the ortho-compound, whilst that which yields terepbtbalic 
acid will be the para-derivative. Moreover, the orientation of 
any other di-substitution product of benzene may now be accom- 
plished, provided that it is possible to convert this product into 
one of these standards by simple substitutions. If, for exam])le, 
directly, or indirectly, the following substitutions could be carried 
out, 

and the final product is proved to be para-diinetbylbenzene, all 
the compounds concerned must also be classed as para-derivatives 
of benzene, unless there is convincing evidence to the contrary. 

As the methods which have just been indicated are based 
principally on arguments drawn from analogy, or deductions as 
to the probable course of a given reaction, the conclusions to 
which they lead cannot be accepted without reserve ; tliere are, 
however, other ways in which it is ])ossihle to distinguish between 
ortho-, meta-, and para-(;ompounds, without making any assump- 
tions, and, of these, that employed by Kbrner in 1874 is the 
most important. 

Kdrner^s method for the orientation of a di-substitution product 
of benzene is based on the fact that when any benzene derivative, 
C0H4X2, is converted into a tri-derivative by the further displace- 
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rneiit of hydrogen of tlie nucleus, the number of isomerides which 
may he o))tained from an ortho-, meta-, or para-com})ound is 
difrerent in all three cases ; if, tlierefore, the nuniher of these 
products can he ascertained, the constitution of tlje original 
di-derivative is estahlislied. In the investigation of the dihrovio 
he/nzene^, for example, three isomerides, melting at 

7*8^', — G*5“, and 89 ' resj)ectively, were discovered, and the question 
arose, which of these is the ortho-, whiclj the meta-, and which 
the para-compound 'I Suppose now that each of these isomerides 
is separately converted into a iribromohenzene, (\H.>Br./Br ; then, 
if it is the or/7iO-dihromo-coinpound, it is possible to obtain from 
it fioo^ hut only two, trihromo])enzenes, because, although there are 
four hydrogen atoms, any one of which may he displaced, the 
third formula shown below is identical with the second, and the 
fourth with the first, tlie relative positions of all the atoms being 
the same in the two cases res|>ectively ^ : 


Br ilr Br Br 



Br 

1:2:3 1:2:4 1:2:6 or 1:2:4 1:2:6 or 1:2:8 


If, on the other hand, the dihromobenzene is the ineta com- 
pound, it might yield three^ hut only three, isomeric tri-4erivativeB, 
which would he represented by the first three of the following 
formulae, the fourth being identical with the second: 


Br Br Br Br 



I 

Br 


1:2:8 1:2:4 or 1:3:4 1:3:5 1:2:4 or 1:8:4 

Finally, if the substance in question is j^?rtm-dibromohenzene, 
it could give one tri-derivative only, the following four formulae 
being identical, and representing the 1:2:4 derivative: 

1 It is of course immaterial from which corner of the hexagon the numbering 
starts. 
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Br Br Br Br 

1:2:4 1:2; 4 1:2:4 1:2:4 

Kxperimenta sliowed that the compound melting at 7*8” gave two 
tribrornobeiizenes (ni.p. 44” and 87” respectively), it is, therefore, 
the or//^o-compoiind. The dibromobenzene melting at —6*5” gave 
three such derivatives (m.p. 44”, 87”, and 119” respectively), and is 
thus proved to be the ?ae^a-compound ; the isomeride melting 
at 89” gave only oiie (ni.p. 44”), and, tlierefore, is the pam com- 
pound. Obviously this method may be applied in the case of 
any di-substitutioii product, provided that the deriva- 

tives, C^jIL^XoY (Y may or may not be identical with X), can 
bo ^soparated and identihed. 

At the present time, the orientation of any new di-derivative 
of benzene is usually an easy task, because the new substance 
may be converted into one or otlier of the many compounds of 
known constitution by simple substitutions. 

The main facts relating to the structure of benzene may now 

‘^summarised as follows: 

(1) Benzene behaves towards nitric and sulphuric acids and 
(usually) towards halogens as a saturated compound, and not as 
if it had a structure similar to that of dipropargyl or other un- 
saturated hydrocarbon. 

(2) Benzene is very stable and all its derivatives, containing 
more than six carbon atoms, can be converted by suitable means 
into substances containing only six carbon atoms. These six 
atoms, therefore, form a stable core or nucleus. 

(3) It can be proved that all the six hydrogen atoms in benzene 
are identically situated. 

(4) The study of the isomerism of its substitution products 
forms the dual proof that the molecule of benzene consists of a 
symmetrical closed-chain of six carbon atoms, each of which is 
combined with an atom of hydrogen. 

From the account of Korner’s method given above it will be seen that 
one of the three isomeric tribi^dmobenzenes (m.p. 44®) is obtained from 
the ortho-, the meta- and the para-di-derivative ; this particular com- 
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pound must be the l:2:4-tribronio-deiivafcive, which therefore has itself 
been orientated. The second compound (m.p. 87*") formed from o-di- 
hromohenzene is therefore the l:2:3-tri-derivative, which is identical 
with one of tlie compounds obtained from m dibromobenzeno ; the re- 
maining: tribrornobenzene (m.p. 119‘'), obtained together witli the 1:2;3- 
arid the 1:2:4 compounds from m-dibroniobenzeiie must be the 1:3:5- 
tri-substitution product. Tliese tliree compounds might then serve for 
tlie orientation of other tri-derivatives of benzene, which might 

l»e obtained from tliem by substitution. 

Korner did not actually pre}>are the tri- from the di-brorno-derivatives 
tlirectly ; he first converted the latter separately into their iiitro-sub 
stitution products, CgHjjllro'NOo, isolated the various isomoiides formed 
from each, and then displaced the nitro grouj) by bromine by the usual 
methods. In this way, tlierefore, the orientation of the six Lsomeiic 
nitrodibromohcnze^ies, and the six isomeric amwodibromifheazeMes, ob- 
tained from them by reduction, was also accomplished. 

Although simple in theory, the expeiimcntal difficulties of Kiirner’s 
method are very considerable owing to the ‘ directing ’ influence (}>. 382) of 
the substituents already present. Thus, although theoretically any ineta- 
cornpound, for example, should yiehl three tri-derivatives, one or two 
of these may be formed in such small quantities, if at all, that the 
isolation and identification of one or lK>th may he a very difficult task. 

The converse of Kdrner’s method was used hy CJrif‘ss, who distilled 
the six known diaminohenzoic acids with lime : the phenylenediamine 
obtained from three of these acids is clearly the meta-coinpound, that 
formed from two of the acids only is tlie ortho-base, and that obtained 
from one acid only is the para-derivative (X = -COOH) : 



I I 

NHa NHg 

As a simple example of the way in which a tri -substitution derivative 
of benzene is usually orientated, the case of a hydroxyaminobenzoic acid, 
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C(jHy(OfJ)(NIL)‘COOH, may be taken. When the acid is distilled with 
lime, the carboxyl-group is displaced by hydrogen ami o liydroxyaniline 
is formed ; the HO- and the NH^- groups are therefore in the ortho- 
position to one another. By the elimination of the NHg- group of the 
acid, p- hydroxy benzoic acid is produced ; the HO- and the COOH 
groups are therefore para- to one another. The constitution of the 
hydroxyaminohenzoic acid is thus proved to he OHtNllaiCOOH — 1 ;2:4. 

As an illustration of the manner in which it has been proved that at 
least three of the hydrogen atoms in benzene are identically situated, 
the case of luesitylene, investigated by Laden burg, may be considered 
Mesitylene, T,, was converte<l into diiiitrotnesitylene, II., which, wlien 
partially reduced gave a nitronie.sidine, HI, This base (in the form of 
its acetyl-derivative, p. 393 ) nitrated, gave the c<>mpouiid, IV,, froni 
which, by the displacement of the amino group there was obtained a 
dinitroiuesitylene, V. ; this product was identical vvitli II., and there 
fore tlie hydrogen atoms a and b occupy identical positions in the 
molecule of mesitylene. 

Starting from III., the iiitro-conipound VI. was obtained l)y sub- 
stituting an atom of hydrogen for the amino grou)), and tlien l\v 
reduction the base VII, was prepared ; this substance (as acetvl-deriva- 
tive) gave on nitration a nitioaminoinositylene, VIII., whicli Avas 
identical with III. ; the hydrogen atoms b and c, or a and c (because 
the nitvo-group may liave displaced the aton» a or 6) are therefore 
identically situated. But since a— h, a = h-"c. Jt is also proved by 
these results that mesitylene must be l:3:5-trimetliylbenzene, as already 
assumed. 



CHa CH3 OH3 CH3 



NH 2 NHo NOy NO.2 

Tliese results may also he summarised as follows : 
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Ladenbiirg also showed that four of the six hydrogen atoms in benzene 
are similarly situated. Phenol, CgHg OH, or hydroxybenzene, with the 
aid of phos[)horn8 pentabromide, may be directly converted into broirm- 
benzene, CellsBr, and tlie latter may be transformed into benzoic acid 
(or benzenecarboxylic acid), CgH^'COOH, with the aid of sodium and 
carbon dioxide ; as these three substances are produced from one another 
by simple reactions, there is every reason to suppose that the carboxyl- 
group in benzoic acid is united witli the same carbon atom as the bromine 
atom ill bromobenzene and tlie hydroxyl -group in phenol ; that is to 
say, that the same hydrogen atom (A) has been displaced in all three 
cases. Now three difl'erent hydroxy benzoic acids of the composition, 
CaH 4 (OH)*COOH, are known, and tiiese three compounds may be either 
converted into, or obtained from, benzoic acid, CgHg'COOH (A), the 
difference between them being due to the fact that the hydroxyl group 
has displaced a different hydrogen atom (B, C, D) in each case. Each of 
these hydroxybenzoic acids forms a calcium salt which yields phenol 
when it is heated (the carboxyl-group being displaced by hydrogen), 
and the three specimens of phenol thus produced are identical with the 
original phenol ; it is evident, therefore, that at least four (A, B, C, D) 
hydrogen atoms in benzene occupy the same relative positions in the 
molecule. By analogous methods it can be shown that this is true of 
all six hydrogen atoms. 


CHAPTER XXIL 

GENERAL PROPERTIES OF AROMATIC COMPOUNDS. 

Classification of Organic Compounds. — The examples given in 
the foregoing pages will have afforded some indication of the 
large number of compounds, which it is possible to prepare from 
benzene, by the substitution of various elements or groups for 
atoms of hydrogen. As the substances formed in thia way, and 
many other benzene derivatives, which occur in nature, are 
obtsined from coal-tar, or may be prepared syntlietically, retain 
to a greater or less extent the characteristic chemical behaviour 
of benzene, and differ in many respects from the paraffins, alcohols, 
acids, and all other compounds previously considered (Part I.), 
it is convenient to place benzene and its derivatives in a separate 
group. 

Organic compounds, therefore, are classed in two principal 
divisions, the fatty or aliphatic (from fat) and the 

Org. 24 
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aromatic. The word ^ fatty/ originally applied to some of the 
higher acids of the series (p. 146), is now used to 

denote all compounds which may be considered as derivatives 
of methane ; all the compounds described in Part I. belong to 
tlie fatty or aliphatic division. Benzene and its derivatives, on 
the other liand, are classed in tl)e ‘aromatic^ this term 

having been first applied to certain naturally occurring compounds 
(which were afterwards proved to he benzene-derivatives) on 
account of their peculiar aromatic odour. 

The fundamental distinction between aliphatic and aromatic 
compounds is one of stractnre. All derivatives of benzene, and 
all other compounds which contain a closed-chain or nucleus sirntlar 
to that of benzene, are classed as aromatic or hcnzemnd. Aliphatic 
compounds, on the other hand, such as CIly'CHo'CHoCHy, 
CH2(0H)*CH(0H)CH2(0H), and COOHClI./CHgCOOH, do 
not contain a closed-chain, but an open-diam ' of carbon atoms ; 
such compounds, moreover, may be regarded us derived from 
methane by a series of simple steps. 

It must not be supposed, however, that all aromatic compounds 
are sharply distinguished from all aliphatic or fatty substances, 
or that either class can be defined in very exact terms. The 
mere fact that the constitution of a substance must be represented 
by a closed-chain formula does not make it an aromatic compound ; 
succinimide (p. 248), for example, although it is a closed-chain 
compound, is clearly a member of the alip4iatic series, because of 
its relationship to succinic acid, into which it is very easily con- 
verted. Althougli, again, the members of the aromatic group 
may all be regarded as derivatives of benzene, this hydrocarbon 
and many other aromatic compounds may be directly obtained from 
members of the fatty series by simple reactions; conversely, many 
aromatic compounds may be converted into those of tlie aliphatic 
series. 

Some examples of the production of aromatic, from aliphatic, 
compounds have already been given — namely, the formation of 
benzene by the polymerisation of acetylene, and tlmt of mesitylene 

' The term ‘ open-chain ’ corresponds with the chain-like appearance of tlje 
structural formulae as usually written, and is not intended to convey any idea of 
the arrangement of tlie atoms in space (compare p. 46) ; when the carbon atoms 
at the ends of the open-chain are united, a closed-chain or ring-compound 
results. 
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by the condensation of acetone ; these two clianges may be ex- 
pressed graphically in the following manner, 

H 



OHs 

CHs CHa 

CHs'-CO io-< 


CHs 


CHs 

n 


CHo - ( 


O'- 


f 3H.2O, 


and may be regarded as typical reactions, because many othei 
substances, similar in constitution to acetylene and acetone 
respectively, may be caused to undergo analogous transformations. 


Bromoacetylene, C/Br;CH, for example, is converted into symmetrical 
tribrotnobenzene wlien it i.s exposed to direct sunlight, 
SCgHBi^CeHgBra; 

and methylethyl ketone (a bomologue of acetone) is transformed into 
symmetrical trie tliyl benzene (a homologue of inesitylene or trinietliyl- 
beiizene) when it is distilled with sulphuric acid, 

SOHs CO ^ 3H.,0. 

^ , As examples of the conversion of aromatic into aliphatic compounds 
the following may he given : Benzene, treated with a mixture of 
sulphuric acid and potas.sium chlorate, gives trichloroaceiylacrylic acidj 
CClg CO-CHzCH'OOOH, and in the presence of vanadium pentoxide, it 
can he directly oxidised by free oxygen to maleic acid (p. 256), from which 
malic acid can he prepared. Benzene combines directly with ozone 
(3 inols.) and tlie product is decomposed by water giving glyoxal (p. 219). 
Phenol, with hydrogen, in the presence of nickel (compare p. 356) gives 
cyclohexanol, C^jHu'OH, which, on oxidation is converted, first into 
cyclohexanone, CgHjyO, and tlien into adipic acid, COOH'fCHgh'COOH 

(p.261). 

It is also possible to convert an aromatic into an aliphatic compound 
by direct reduction ; salicylic acid (p. 470), for example, is thus trans- 
formed into pimelic acid (p. 261). 

General Character of Aromatic Compounds. — Although it is 
impossible to class all organic compounds as either aliphatic or 
aromatic, because many substances are known which form con- 
necting links between the two groups (p. 619), those which 
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resemble benzene differ materially from those of the aliphatic 
division in constitution, and consequently also in properties. 

Speaking generally, aromatic compounds contain a larger per- 
centage of carbon than do those of the alijdiatic group and are 
usually crystalline at ordinary temperatures. They are, as a 
rule, less readily resolved into simple substances than are the 
members of the aliphatic series (except the very stable paraffins), 
although in most cases they are more easily converted into sub- 
stitution products. 

Aromatic compounds give substitution products with (1) liahh 
yens^ (2) nitric, acid^ (3) sulphuric, acid. 

cyT^-fa.-CeH,ci-f Hci, 

-f HNO3 = -h H2O, 

G,ll, 4- H^SO^ - C^H^SOgH + 11,0. 

Their behaviour with nitric acid and with sulphuric acid is 
particularly characteristic, and distinguishes them from nearly all 
fatty compounds * with concentrated nitric acid, as a rule, they 
readily give m^/’o-derivatives, and with concentrated sulphuric 
acid they give sulphouie acids. 

Aliphatic compounds rarely give nitro- or sulphonic-derivatives 
under such conditions, but are oxidised and resolved into two or 
more substances. 

The readiness with which the hydrogen atoms of tlie nucleus are 
displaced by halogen, NOg- or SOgll-, groups varies very greatly ; 
the hydrocarbons themselves are not very reactive, but when one 
hydrogen atom of the nucleus lias ])een displaced by particular 
groups, further substitution often occurs with very great facility. 
Although halogens, nitric acid and sulphuric acid, are the main 
reagents by which aromatic compounds are directly changed, it 
is possible by indirect methods to displace the hydrogen atoms 
of the nucleus by many other groups such as CH^-, HO-, 

&c,, as will be shown later. 

When aromatic nitro compounds are suitably reduced, they 
are converted into amfno-compounds, 

CeHfi NO, + 6H - CcH. NHg -t- 2H,0, 

+ 12H == G.IU^U,), + 4 H 2 O. 

These amino-derivatives differ from the aliphatic amines in at 
least one very important respect, inasmuch as they are converted 
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into diazoiiiurn-conjpoui)ds (p. 400 ) on treatment with nitrous 
acid iii tlie cold; this behaviour is highly characteristic, and the 
diazoniuin-compounds form one of the more interesting and 
important classes of aromatic substances. 

;/ Wlien the hydrogen atoms in benzene are displaced by groups 
or radicals which are composed of several atoms, tliese groups 
are spoken of as side-cliams ; the aliphatic groups in ethylltenzene^ 
hemzyl alcohol^ and rnethyJ aniline^ 

C^Hr/NII*CH3, for example, would he called side-chains, whereas 
the term, as a rule, would not ho used in the case of phenol^ 
CgHg'OIT, mb'ohenzme^ &c., wliere tlie substituent 

groups are comparatively simple, and do not contain carbon 
atoms. 

Now the l^ehaviour of any particular atom or group in an 
aliphatic side-chain, although influenced to some extent by the 
fact that the group is united with the benzene nucleus, is on the 
whole very similar to that which it shows in aliphatic compounds. 
The consequence is that aromatic compounds, containing side- 
chains of this kind, have not only the properties already referred 
to as characteristic of the derivatives of benzene, hut sliow also, to 
a certain extent, tlie behaviour of alipliatic compounds. Benzyl 
chloride^ CgHj^'CH^^Cl, for example, may be directly converted 
into the nitro-deri vative, CqPI 4(N02)*CH2C1, and the sulphonic 
acid, C^H^(S03n)*CH2Cl, reactions characteristic of aromatic 
compounds. On tlie otlier hand, tlie -CHoCJ group may be trans- 
formed into -CH./OlJj. -CHO, -COOH, and so on, just as may 
the -CH2CI grSSjf^TT ethyl chloride, CH3’CH2C1 ; and in all 
cases the products retain certain characteristics of aliphatic 
substances so long as the side-chain remains. The carbon 
atoms contained in the side-chains, moreover, are generally 
easily attacked and separated from the rest of the molecule, 
which constitutes the closed-chain or nucleus ; wlien ethylbenzene^ 
or propyJbenzene^ CtjHg'CHo’CHg'CHjj, for example, 
is boiled with chromic acid, tlie side-chain undergoes oxidation, 
and benzoic acid, C^^Hg'COOH, is produced in each case ; from 
this acid benzene may he easily obtained, the carbon atoms of 
the nucleus remaining unchanged during all tliese transformations. 

Although the compounds derived from benzene by direct sub- 
stitution are very numerous, the aromatic group also includes a 
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great many other substances, which are more distantly related 
to benzene, and which can only be regarded as derived from it 
indirectly. The hydrocarbon dijyhenyl, for example, 

which, theoretically, is formed by tlie iinioji of two phenyl- or 
CgHr- groups, just as dimethyl or ethane, CHg-CHg, is produced 
by the combination of two methyl-groups, is an important member 
of tlie aromatic division, and, like benzene, is capable of yielding 
a very large number of derivatives. Other hydrocarbons are 
known in which the presence of two or more closed carbon-chains, 
combined in different ways, has been proved, as, for example, 
in the cases of naphthalene (p. 476) and anthracene (p. 492), 
and there are also substances, such as pyridine (p. 505) and 
quinoline (p. 513), in which a nitrogen atom occupies the position 
of one of the CH— groups in the closed-chain. 

All these, and many other different types of compounds, are 
classed as aromatic, or benzenoid, because they show the general 
behaviour already referred to, and resemble benzene more or less 
closely in constitution. 

The Reduction of Aromatic Gomyounds, 

It has already been pointed out that benzene does not show 
the ordinary behaviour of unsaturated aliphatic compounds, but 
that, under certain conditions, it is capable of forming additive 
compounds by direct combination with atoms of chlorine or 
bromine. This fact proves tliat benzene is not really a saturated 
compound, like methane or ethane, for example, both of which 
are quite incapable of yielding derivatives except by substitution. 
Nevertheless, as a rule, the conversion of benzene and its deriva- 
tives into additive products is much less readily accomplished than 
is that of unsaturated aliphatic compounds ; the halogen acids, 
for example, which unite directly with many unsaturated aliphatic 
compounds, have no such action on benzene and its derivatives, 
and even in the case of the halogens, direct combination occur.s 
only under particular conditions. 

For these reasons, although benzene was discovered in 1825, 
very few additive compounds prepared directly from the hydro- 
carbon or its derivatives were known until a very much later 
date. In addition to the halogen additive products already 
mentioned (p. 332) hexahydrobenzene, (now called cyclch 
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hexane)i bad been obtained in small quantities in an impure 
condition by beating benzene with hydriodic acid at a high 
temperature (Berthelot), but no satisfactory method for the 
reduction of the hydrocarbon or of its homologues had been 
discovered. 

The investigations of Sabatier and Senderens (1897-1905) com- 
pletely altered this state of affairs. These chemists showed that 
in the presence of certain metals, more especially nickel, in a 
particular form (p. 359), many types of aliphatic compounds 
combine with hydrogen under suitable conditions ; the only note- 
worthy exceptions are the saturated compounds — the paraffins, 
their ethers, their amino- and hydroxy-derivatives, and their 
carboxylic acids. In some cases, as, for example, in that of 
acetylene, it is only necessary to pass the mixture of the two 
gases over suitably-prepared nickel at the ordinary temperature. 
A reaction takes place with the development of heat, and in the 
presence of a sufficiently large excess of hydrogen, ethane is 
practically the only product ; as a rule, however, a mixture of 
the vapour of the organic compound and hydrogen is passed 
over a layer of the catalyst, which is heated at a suitable tem- 
perature, usually in the neighbourhood of 130° to 200°. For 
each particular reaction there is an optimum temperature which 
is found experimentally, and unless the conditions are suitably 
chosen the reaction may take a course quite different from that 
which is expected or desired. 

Under suitable conditions, ethylene can be reduced quanti- 
tatively to ethane, and other olefines to the corresponding paraffins. 
Unsaturated alcohols, such as allyl alcohol (p. 230), unsaturated 
esters, such as ethyl acrylate, and nnsaturated acids, such as 
crotonic acid (p. 234), can be similarly transformed into the 
corresponding saturated compounds. Other types of aliphatic 
compounds are likewise reduced ; nitriles, for example, give 
primary, and carhylamines give secondary amines. Aldehydes and 
ketones are converted into the corresponding primary or secondary 
alcohols, and in tlie latter case the products are as a rule free 
from pinacols (p. 142). Olefinic aldehydes and ketones are 
generally first reduced to the corresponding paraffin derivatives, 
wliich may then he further converted into the saturated primary 
or secondary alcohols, 
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In the course of time Sabatier’s discovery of the catalytic action 
of nickel was applied to the ‘hardening’ of oils (p. 228), a process 
in which the unsaturated acids, contained as glyceride^ in natural 
fats and oils, are converted into saturated compounds. 

In other investigations it was shown that benzene Combines 
readily with hydrogen in the presence of the nickel catalyst, and 
is easily transformed into hexahydrohenzene ; also that the homo- 
logues of benzene and many other types of aromatic compounds 
can be converted into their hexahydro-derivatives in a similar 
manner. This discovery made it possible to prei)are, not only in 
the laboratory, but on a large scale, many compounds which, 
previously, were rarely met with in the study of organic chemistry, 
and which formed a connecting link between the aromatic and 
the open-chain aliphatic compounds; such reduction products 
which still contain a closed-chain of six carbon atoms are de- 
rivatives of cyclohexane^ and belong to the class of cycloparaffins. 

Aromatic hydrocarbons, other than homologues of benzene, 
such as naphthalene (p. 475) and anthracene, and other henzenoid 
compounds, can be reduced in a similar manner, and in these 
cases it is often possible to isolate more than one reduction pro- 
duct; thus from naphthalene either the ^efm/iyrfro-derivative, 
C 10 H 12 , or the derivative, CjQHj.g (p. 482), can be 

prepared, according to the temperature employed. 

The monohydroxy- and monoamino-substitution products of 
benzene and its hoirolognes, which are described later, are reduced 
to the corresponding cyclohexane derivatives; but the bases may 
be partly transformed into the cyclic hydrocarbons with the 
formation of ammonia, and other secondary reactions may also 
take place to a considerable extent. Aromatic carboxylic acids 
cannot be easily reduced by this method, but the esters of the 
monocarboxyl ic acids combine readily with hydrogen, and the 
products, on hydrolysis, give the corresponding cyclohexane- 
carboxylic acids. 

An aromatic compound, in the molecule of which there is an 
unsaturated side-chain, may undergo reduction in various stages. 
Thus, a hydrocarbon containing an unsaturated side-chain, styr- 
ene, for example (p. 464), may be reduced first to ethylbenzene 
(at 300^), and then to ethylcyclohexane (at 180*’). Similarly 
benzaldeliyde (p. 437) and acetophenone (p, 444) may be reduced 
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first to tlie corresponding aromatic hydrocarbons (toluene and 
ethylbenzene respectively), and then, by lowering the temperature, 
to the corresponding cycloparaffins. 

When, in using nickel, the temi)erature is raised above about 
250°, the reduction of benzene becomes less complete, and ceases 
at about 300°; above this temperature, in the i>resence of the nickel 
catalyst, the cyclohexane decomposes into benzene and hydrogen, 
and a portion of the hydrocarbon is reduced to methane. 

The nickel used in tlie ahove*d escribed reactions is obtained by dis- 
solving the metal in nitric acid (free from halogen compounds), igniting 
the nitrate at a dull-red heat until decomposition is complete, and tlien 
reducing the oxhle in a stream of pure Iiydrogen at a tenjperature of 
about 300®. Another method is to agitate pumice (crushed to pieces of 
a suitable size) with a ])aste of well-washed, precipitated nickel hydrox- 
ide, and then to heat the dried material in a stream of pure Iiydrogen 
until the oxide is partially or completely reduced (compare p. 230). 

The metal thus obtained varies in colour from liglit brown to black ; 
it is fvequentl}^ pyrophoric, and in any case is readily oxidised on ex- 
posure to the air; for this reason the reduction of Ihe oxide is carried 
out in the tube, which is to he used later in the reduction of the organic 
compound. 

It is of tlie greatest importance that the hydrogen used in the prepara- 
tion of the catalyst, and for tlie reduction of the organic compound, 
should be pure, or at any rate free from even t races of halogen, sulphur, 
arsenic, and phosphorus compounds, many of which ‘ poison ’ the catalyst 
and render it useless, I^veu with pure hydrogen, the presence of traces 
of com])ounds of these elements may entirely prevent reduction ; thus, 
benzene containing traces of thiophene (}>. 520) cannot be reduced, 
although the presence of a considerable projiortioii of carbon disulphide 
does not prevent the conversion of the hydrocarbon into cyclohexane. 

Hydrogen generated from zinc and diluted, pure hydrochloric acid 
may be purified by passing it through alkaline permanganate, then 
through a tube containing copper at a dull-red heal , and then through 
tubes containing moistened alkali ; it is not essential to free the gas 
from water vapour. 

The catalyst may be prepared and used in an ordinary combustion 
tube (p. 19), partly immersed in a layer of sand contained in an iron 
gutter, one or two thermometers, wilh their hulhs in the sand, serving 
to indicate the temperature. If tlie substance to be reduced is sufficiently 
volatile, it may be placed in a distillation flask heated at a suitable 
temperature, and there vaporised in the stream of hydrogen ; or it may 
he dropped from a scparating-funnel into the vertical limb of a T-i>iece, 
the hydrogen being passed through the horizontal portion. In the 
latter case, if the liquid is not completely vajiorised before it enters 
the combustion tube, the exit end of the T-piece is lengthened sufficiently 
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to allow any liquid to drop into a porcelain boat, placed in the com- 
bustion tube and heated at a suitable temperature ; if tl»e catalyst gets 
soaked by the liquid its efficiency may be seriously diminished. Readily 
volatile solids of low melting point can be treated in the same way, but 
those of high melting-point or of low volatility are heated in a porcelain 
boat placed near the inlet of the hydrogen. 


CHAPTER XXIII. 

HOMOLOGUES OF BENZENE AND OTHER HYDROCARBONS. 

Benzene, the simplest hydrocarbon of tlie aromatic group, is also 
tlie first member of a homologous series of the general formula, 

; the hydrocarbons of this series are derived from benzene 
by the substitution of alkyl-groups for hydrogen atoms, just as the 
homologous series of paraffins is derived from methane. Toluene 
or inethylhenzene^ CgH^ CHg, is the only bomologne of t])c molectilar 
formula, C^Hq, but the next higher member, which has the 
molecular formula, CgHjQ, occurs in four isomeric forms — namely, 
as ethylbenzene j CgH^'C^Hg, and as ortho-, meta-, and para- 
diniethyl benzene, CgTT 4 (CH 3 ) 2 ; higher up the series, the number of 
theoretically possible isomerides rapidly increases. By the sub- 
stitution of a nietliybgroup for one atom of hydrogen in the 
hydrocarbons, for example, eiglit isomerides of the com- 
position, theoretically be obtained, and are, in fact, 

known (p. 342). 

Owing to tins rapid increase in the number of isomerides, as 
the series is ascended, and to the difl’erences in the properties of 
these isofnerides, but more especially because, as a rule, only the 
lower members are of much importance, tlie classification of 
aromatic compounds into various homologous series does not very 
much simplify their study ; nevertheless yeneral methods of pre- 
paration may be given and also the general properties of particular 
groups present in the molecules of the homologues. 

Many of the hydrocarbons of the series, and others 

which will be mentioned later, occur in coal-tar, from which they 
are extracted ; it is, liowever, very difficult to obtain any of them 
in a pure state directly from this source, by fractional distillation 
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alone, as the boiling-points of some of the isomerides lie very 
close together and also differ very little from those of certain 
other types of compounds which are present. 

The homologues of benzene may be obtained by the following 
general methods : 

(1) Benzene (or one of its homologues) is treated with an alkyl 
lialogen compound in the presence of anhydrous aluminium 
chloride (^Friedel ; u n d er th ese con d i tion s 

the hydrogen atoms of the nucleus are displaced by alkyl-grouj)S, 
benzene diiul methyl cldoride, for example, giving ioluPMe^ 
xylene^ CJl4(CHy).^, trim ethylbenzene^ C(3lTg(CHg)3, &c. ; wheieas 
ethylbenzene, with the same alkyl com})ound, yields niethyletliyl- 
benzenCy (Umethylethylben^iene, 0^,113(0113)2*02115, 

and so on, 

0,H, -f OHgOl = C.H^-OHg -f irOl, 

0,H, -f 2OH3OI - 0,H,(0}f3)2 + 2HC1, 

CoHg-O.Hc 4- OH 3 OI = 0 ,H 4 ( 0 H 3 )* 02 H 5 + HCl. 

Aiiliydrovis benzene, or one of its lioinolognes (1 part),^ is placed in a 
flask connected with a reflux condenser, and anhydrous aluminium 
chloride (about I part) is added; the apparatus and materials must be 
dry, a7id it is essential tliat the aluminium chloride should he of good 
quality (samples wliich have absorbed atmosjdieric moisture, and which 
look white and powdery, are practically useless). The theoretical 
quantity of the alkyl halide is then passed or dropped into the hydro- 
carbon, and tlie mixture is afterw'ards heated on a water-bath until the 
evolution of halogen acid is at an end. In some cases, etlier, carbon 
disnlpliiile, or petroleum is mixed witlj the original hydrocarbon in 
order to dilute it. Wiicn the product is quite cold, water is gradually 
ad<led to it in order to dissolve the ahiniinium compounds, and after 
having been separated, and dried with calcium chloride, the mixture of 
hydrocarbons is submitted to fractional distillation ; in some cases a 
preliminary distillation in steam is advisable. 

It is probable tiiat an aluminium compound, such a.s CgHfijAlCl^, is 
first formed, and in reactions using acid cldorides (p. 444), addition com- 
pounds, R'COCI, AICI3, have actually been isolated ; these substances 
then react with the alkyl halide, aluminium chloride being regenerated, 
C6H«,AICl3-t-CH301==(Vl,-(;H8 + AlCl,-t HCl. 

Anhydrous ferric or zinc chloride may he employed in the place of 
aluminium chloride, but, as a rule, not so successfully." 

1 In this and other subsequent preparations, the ' parts’ are by weight and the 
actual quantities taken will depend on the amount of product required. 

8 Priodel and Crafts’ reaction is also applicable to phenolic ethers (p. 426), but 
not, as a rule, to other derivatives of aromatic hydrocarbons. 
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(2) An ethereal solution of a halogen derivative of benzene or 
of one of its homologues and an alkyl halogen compound, is heated 
with sodium or potassium i^yi lfig's reaction) ; this method of forma- 
tion is similar to that by wlifcb the higher paraffins may be 
synthetically produced from methane (comj)are Wnrtz reaction, 
p. 53), and has the groat advantage over Friedel and Crafts’ 
method that the constitution of the product is known. Bromo- 
benzene and methyl iodide, for example, give tolvene, wliereas o-, 
m-, and ^-hrornofoluene and ethyl iodide yield o-, m-, and 
'p-ethyhnethylhenzemi respecti vely, 

C.H^Br 4- CH31 4- 2Na - + ^^aBr, 

C«H,BrCHs + C^Hsl + 2K = CgH,- + KBr + Kl. 

The broino- or iodo derivatives of the aromatic liydi ocarhons are usually 
employed Injcause the chloro-derivatives do not react so readily ; the 
alkyl iodides are also used in preference to the chlorides or bromides 
because they undergo change most easily. 

The first stage seems to be the formation of a sodium alkyl compound, 
RT 4 2Nfi~RNa4NaI, which then, witli the aromatic halide, forms the 
hydrocarbon, 

(3) The carboxy-derivatives of benzene, or of its homologues, 
are heated with soda-lirne, a method analogous to that employed 
for the conversion of the fatty acids into paraffins (p. 50), 

C,H4(C}Ig) COONa 4- NaOH - 4* Na.COg, 

C,H,(C( )ONa), 4- 2NaOH - 4- 2Xa,cd3. 

(4) The vapour of a hydroxy-derivative of benzene, or of one of 
its homologues, is passed over strongly heated zinc-dust, 

C,H,-OH 4- Zii = 4- ZnO, 

C,H4(CH3 VoH 4- Zn - 4- ZnO. 

(5) A ketone or aldehyde is reduced by the Clemmensen 
method (p. 143). 

CeHsCO-CHg 4- 4H - 4- HgO. 

(6) Coal, wood, peat, &c., are submitted to destructive distilla- 
tion, or the vapour of some aliphatic compound is passed through 
a strongly heated tube (compare p. 330). 

General Properties . — Most of the liomologues of benzene are 
colourless, mobile liquids ; one or two, however, are crystalline at 
ordinary temperatures. They all distil without decomposing, are 
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volatile in steam, and burn ■with a smoky flame ; tliey are insoluble 
in water, but miscible with (anhydrous) alcohol, ether, petroleum, 
&c., in all proportions ; they dissolve fats and many other sub- 
stances which are insoluble in water. 

Just as in other homologous series, the lioinologues of benzene 
show a gradual variation in physical properties with increasing 
molecular weight, but owing to the large number of isomerides, 
this is obvious only when corresponding compounds are com- 
pared, as, for example, the following ^? 20 ^-substitution products : 


Benzene, 


Sp. gr. at 0° 0-899 

B.p., 80-2° 

Toluene, C7Hy 


M 0-882 

M 110-3° 

Ethylbenzene, 

OhHio 

.. o- 8 s:j 

M 136° 

Propjd benzene, 

, C9IIJ2 

.. 0-881 

.. 168° 


There are, however, three hydrocarbons isomeric with ethylbenzene 
(p. 360) and seven isomeric with propylbenzene (p. 342), so that 
after toluene the homologous series branches into a number of such 
series, and the gradual variation in properties is obscured. Isomoi ic 
^^/-substitution products usually diiler in physical properties, but 
the extent of tliis difTereiice is rather variable ; the three xylenes, 
CyH 4 (Cnjj)j,, for example, have the following constants : 

Ortlioxyleiio. Metaxylene. Paraxylene. 

Sp. gr. at 0” 0-893 0 881 0-880 

B.p. HO" 139° 138° (m.p. 14°) 

As a general rule, to which, however, there are many exceptions, 
para-compounds melt at a higher temperature than tlie correspond- 
ing meta-compounds, and the latter usually melt at a higher tem- 
perature than the corresponding ortho compounds. "J'his applies 
to all benzene derivatives, not to hydrocarbons only. 

The homologues of benzene show the characteristic chemical 
behaviour of the parent hydrocarbon, inasmuch as they readily yield 
lialogen-, nitro-, and sulphonic-derivatives ; toluene, for example, 
gives eJilorofoluene, C^.H 4 (CHg)’Cl, nitrotolmne^ CgH 4 (CH 3 )‘N 02 , 
and iolmnesul phonic acid^ 0^114(0113) SOgll ; xylene yields chloro- 
xylene, O^jH 3(0113)2 *01, niiroxylene^ 03113(0113)2 'NOg, and xylene- 
sulphonic acid, 03H3(0Hg)2‘SO8H. 

In these, and in all similar reactions, the product invariably 
consists of a mixture of isomerides, and the course of the re- 
action depends both on the nature of the aromatic compound 
and on the conditions of the experiment (compare p. 381) ; as 
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a rule, the greater the number of alkyhgroups in the hydro- 
carbon, tlie more readily does it yield halogen-, nitro-, and 
sulplionic-derivatives. 

The fact that benzene and its lioinologiies gradually dissolve in 
concentrated siilpliuric acid is sometimes made use of for the separa- 
tion of these aromatic hydrocarbons from tlie parafhns, as, for example, 
in the analysis of coal-gas; their separation from nnmtnrated hydro- 
carbons could not of course be accomplished iu this way, as the latter 
are attacked by concentrated sulphuric acid, giving soluble hydrogen 
sulphates. 

All the liomologues of benzene are very stable, and are with 
difficulty resolved into compounds containing a smaller nuniber 
of carbon atoms ; powerful oxidising agents, however, such as 
chromic acid, potassium permanganate, and dilute nitric acid, 
act on them slowly, the alkyl-groups or side-chains being attacked, 
and, as a rule, converted into carboxyl-groups ; toluene and 
ethylbenzene, for example, give benzoic acid, whereas the xylenes 
yield dicarl)oxylic acids (p. 456), 

C,.H,CTl3 + 30 - CJT,-COOH + H.,0, 
CcHsClb/CHg + 60 - C^H.;COOH -h CO^ + 2H,0, 
CoH 4 (C 113)2 + = CeH 4 (C 00 H )2 + 2H2O. 

Although in most cases oxidation leads to the formation of a carhoxy- 
derivative of benzene, the stable benzene nucleus reimiining unchanged, 
some of the homologues are completely oxidised to carbon dioxide and 
water (compare p. 367), and benzene itself undergoes a similar change 
on prolonged and vigorous treatment. 

Ill the case of aromatic, as in that of aliphatic compounds, 
it is convenient to give names to certain groups of atoms or 
radicals ; the mono- and di-substitution products of benzene, 
for example, may be regarded as compounds of the univalent 
radical, phenyl^ or Ph, and of the bivalent radical, phniyl- 

ene^ respectively, as in plienylamine (aniline), 

and in 0 -, m-, and '^•plienyleneMaraine^ CgH 4 (NH 2 ) 2 . Toluene 
derivatives, again, may be named as if they Avere derived from 
the radical, iolyl^ CMg CgH^-, or from the radical, hmzyl^ 
CgHg'CHy-, according as hydrogen of the nucleus, or of the 
side-chain, has been displaced. The compound, CgHg'CHg'OH, 
for example, is called benzyl alcohol ^ the isomeric hydroxy- 
toluenes, CgH 4 (CH 3 ) OH, liowever, are usually known as the 
(o.mJp.) cresols (p. 429) and not as tolyl alcohols. 
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Radicals derived from aromatic hydrocarbons are termed aryl 
radicals. 

Toluene, (metliylbenzene, phenylmethane), is pre- 

pared commercially from the * 90 per cent, benzol ’ separated from 
coal-tar (p. 327), and from certain varieties of petroleum ; it 
may be obtained by heating toluic acid with soda-lime (p. 450), 
or by any of the other general reactions given above ; also by 
the dry distillation of balsam of Tolu (hence the name toluene) 
and other resins. 

Commercial coal tar toluene (toluol) is impure, and when shaken 
with concentrated sulphuric acid it colours tlje acid brown or black. 
Keen after repeated fractional distillation, it contains methylthiophfncy 
Cv^HqS, a homologue of tliioplicne (p. 520), and shoAvs the indupheiiin 
reaction (with isatiii and concentrated sulpliuric acid). 

Toluene is a mobile liquid of s]). gr. 0*882 at 0^, boiling at 111°; 
it does not solidify even at —28°, and cannot, tlierefore, like 
benzene, be easily purified by crystallisation. It resembles 
benzene very closely in most respects, and differs from it prin- 
cipally in those properties which are due to the presence of 
the methyl-group. Its behaviour with nitric acid and with 
sulphuric acid, for example, is similar to that of benzene, in- 
asmuch as it yields iiitro- and Bulphonic-derivatives ; these com- 
pounds, moreover, exist in three isomeric (o.m.p.) forn)s, since 
they are di-substitution products of benzene. The presence of 
the methyl-group, on the other hand, causes toluene to show 
in some respects the i)roperties of a paraffin. The hydrogen 
of this methyl-group may be displaced by chlorine, for example, 
and the latter by a hydroxyl- or amino-group, by methods 
exactly similar to those employed in^ bringing about corre- 
sponding changes in aliphatic compounds ; substances such as 
CgHg-CHaCl, CgH^-CHg'OH, and are thus obtained. 

This behaviour, perhaps, was to be expected, since toluene or 
phenylmethane is a mono-substitution product of methane just as 
much as a derivative of benzene. Toluene is a most imjiortant 
compound and is employed in the manufacture of various dye- 
intermediates described later, explosives, and saccharin (p. 455) ; 
it is also used as a fuel for internal combustion engines — usually 
in admixture with benzene and petrol. 

Xylenes. — There are four hydrocarbons of the molecular 
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formula, CgH^Q (the next homologues of toluene), of wliich the 
three xylenes or dimethylbenzenes are the more important : 



CH3 

O-Xylene. m-Xyleno. p-Xylene. Biliylbenzene. 


The three xylenes occur in coal-tar, and mny be partially 
separated from tlie other components of ‘50 per cent, benzol’ 
(p. 327) hy fractional distillation. The portion which, after 
repeated distillation, boils at 138-142^, contains a large quantity 
(usually about 60 per cent.) of m-xylene and smaller quantities 
of the 0- and p-compounds ; the three isomerides cannot be 
separated from one another (or from all impurities) ])y further 
distillation, or by any simple means, altljough it is possible to 
obtain a complete separation by taking advantage of differences 
in their chemical behaviour. 

m-Xylene is readily separated from the other isomerides with the 
aid of boiling dilute nitric acid, which oxidises 0- and p- xylene to the 
corresponding toluic acid, C0H4(CH3)'COOH, but does not readily 
attack m-xylene ; the product is rendered alkaline, and the unchanged 
hydrocarbon is purified by distillation in steam and fractionation. The 
isolation of 0- and p-xylene depends on the following facts: (1) When 
crude xylene is agitated with concentrated su]j)huiic acid, 0- and 
m-xylene are converted into sulphonic acids, 05113(0^13)0 80311 ; p-xylene 
remains undissolved, as it is only slowly acted on even by anhydro- 
sulphuric acid. (2) The sodium salt of o-xylenesulphonic acid is less 
soluble in water than the sodiutii salt of m-xylenesnlphonic acid ; it is 
purified by recrystallisation and heated with hydrochloric acid under 
pressure, whereby it is converted into o-xylene. 

The three xylenes may all be prepared by one or other of the 
general methods ; when, for example, methyl chloride is passed 
into benzene in the presence of aluminium chloride, m-xylene 
and a small quantity of the p-compound are obtained, 

CA + 2CH3CI = Cjr/CH,)^ + 2HC1 ; 
toluene, under the same conditions, yields, of course, the same 
two compounds, 

CgHj-CHg 4- CH 3 CI = -f- HCl. 

The non-formation of o-xylene in these two reactions shows that 
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tlie methyl-group first introduced into the benzene molecule 
exerts some directing or orientatimj wjiuence on the position 
taken up by the second one (p. 382). 

o-Xylene is obtained in a state of purity by treating o-bromo« 
toluene with methyl iodide and sodium, 

+ Cir.J + 2Na = + NaBr + Nal ; 

pure 'p-xylene is produced in a similar manner from p-brorao- 
toluene ; m~xylene might be obtained by treating m-bromotoliiene 
with methyl iodide and sodium, but is more easily prepared by 
healing mesitylenic acid (p. 368) with soda-lime, 

These isomerides may also be o]»tained by tieaiing tlie respective 
Grignard compounds of the biomotoluencs witli dimethyl sulpliaie. 

The three xylenes are very similar in physical properties (com- 
pare p. 363), and are all mobile, rather pleasant- smelling, inflamm- 
able liquids (p-xylene melts at 14 ’)} which distil without decom- 
posing, and are readily volatile in steam. They also resemble one 
another in chemical properties, although in some respects they 
show very imjiortant differences.^ On oxidation, under suitable 
conditions, they are all converted in tlie first place into monocarb- 
oxylic acids, represented respectively by the formulae, 

CHa CHa 

' 

I 

COOH 

0-Toluic Acid. m-Toluic Acid. p-To]\iic Acid. 

On further oxidation the second methyl-group undergoes a 
like change, and the three corresponding dicarboxylic acids, 
C(jH 4 (COOH)y, are formed (p. 456). 

The three hydrocarbons show, however, a marked dissimilarity towards 
oxidising agents. With chromic acid, o-xylene is completely oxidised to 
carbon dioxide and water, wliereas m- and p-xylene yield the dicarlxixylic 
acids, results very different from those obtained with dilute nitric acid 
(p. 366). The behaviour of the three hydrocarbons towards sulphuric acid 
is also different (p. 366). 

1 The xylenes, like other isomerides, afford further examples of the fact that the 
properties oC a compound are not entirely determined by those of its constituent 
groups but by the structure of the molecule as a whole. 

Org. 25 
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Ethylbenzene, (pheiiylethane), aa isomeride of the 

xyleaes, is not of miicli importance ; it occurs in coal-tar, and 
may be obtained by the general methods* It boils at ISG"", and, 
on oxidation with dilute nitric acid or chromic acid, it is converted 
into benzoic acid, 

+ 60 = C,H,/COOH -f CO. -f 211.0. 

The next iiieinber of tlie series has the molecular formula, C 9 H 12 , and 
exists, as already pointed ont (p. 342), in eight isomeric forms, of 
which the three trimethylbenzenes and isopropylbenzene are the more 
important. 

Mesitylene, 1:3:5-, or symmetrical, trimethylbenzene, 


CHa 

I 



occurs fii small quantities in coal-tar, but is best prepared by dis- 
tilling a mixture of acetone (2 vols,), concentrated sulphuric acid 
(2 vols.), and water (1 vol.), and then fractionating the distillate, 

3(CH3)2C0 = C,H,(CH3)3+3H/). 

The formation of mesitylene in this way is of interest, not only 
because it affords a means of synthesising the hydrocarbon from 
its elements, but also because it throws light on the constitution 
of the compound (p. 363). 

Although the change is most simply expressed by the graphic equation 
already given (p. 353), it might be assumed that the acetone is first 
converted into CH3'C{OH):CH2 (by isomeric change), or into CH^'C ; CH, 
and that mesitylene is then produced by a secondary reaction. What- 
ever view, however, is adopted, as to the various stages of the reaction 
(unless, indeed, highly improbable assumptions are made), it would 
seem that the constitution of the pro<iuct must he expre.ssed by a 
syymnetrical formula ; this inference has been fully confirmed by otlier 
evidence (p. 350). 

Mesitylene is a colourless, mobile, pleasant-smelling liquid, 
boiling at 164’5°, and volatile in steam ; when treated with 
concentrated nitric acid, it yields mononitro- and dinitro-imsit- 
ylene^ whereas with a mixture of nitric and sulphuric acids 
it is converted into trinitromesityhne^ 02 ) 3 ( 0113 ) 8 . On 
oxidation with dilute nitric acid, it yields meeitylenic aeid^ 
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C, . 113(011 'COO Jr, uvihic acid, CgIlg(ClJg)(COOH).2, and frbnesir 
arid, Cf^?Ia(COOH)g, by the successive transformation of metljyl- 
into carboxyl-groups. 

Pseudocumene, or l;2:4-brimethylbenzeiie, and hemiinellitene, or 1:2:3- 
triinetliylbenzene, also occur in small quantities in coal-tar, and are very 
similar to mesitylene in properties ; on oxidation, they yield various 
acids by the conversion of one or more methyl- into carl)oxy1 -groups. 

Cumene» C({H 5 'CH(CH 3 ).> (isopropylhenzene), is usually obtained from 
coal-tar ; it may be piej>ared V>y treating a mixture of isopropyl bromide 
and benzene with aluminium chloride, 

+ C 3 H 7 Br - + H Hr. 

It boils at 153® and, on oxidation with dilute nitric acid, it is converted 
into benzoic acid. 

Cymene, CQH4((JH3)*CgH7 (p-^niethylisopropylbenzene), is a 
hydrocarbon of considerable importance, and occurs in the 
ethereal oils or essences of many plants ; it may be obtained in 
many ways, as, for example, by heating camphor wdth phosphorus 
pentoxide, 

Ci«H,eO = C,«H„ + H,0, 

and by heating oil of turpentine with concentrated sulphuric acid, 

very complex changes take place in both these reactions. 

Also by heating thymol or carvacrol (p. 430 ), with phosphorus 
peiitasulphide (which acts as a reducing agent), 

C«H3(0H)<^”* +2H = CeH,<^H» +H3O. 

It has been synthesised from p-bromoisopropylbenzene, methyl 
iodide, and sodium — a reaction which proves its constitution. 

Cymene is a pleasant-smelling liquid of sp. gr. 0*8722 at 0 ", 
and boils at ITS-ITG""; on oxidation with dilute nitric acid, 
it yields p-foZn/c acid^ C0H4{CH3)'COOH, and terephthalic acid, 

C,H,(C 00 H) 2 . 

Diphenyl, DiphenylmetJiane, and Triplienylmethane, 

All the hydrocarbons hitherto described contain only one 
benzene nucleus, and may be regarded as derived from benzene 
by the substitution of alkyl-groups for atoms of hydrogen ; there 
are, however, several other types of aromatic hydrocarbons, which 
include compounds of considerable importance. 
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Diphenyl, is not a liomologue of benzene, and its 

molecule contains two benzene nuclei. It is formed by treating an 
ethereal solution of bromobenzeiie with sodium, 

2CoH,Br 4- 2Na - + 2NaBr, 

a reaction which is analogous to the formation of ethane (dimethyl) 
from methyl iodide (p. 53), ])ut many other changes occur and the 
yield is very poor ; it is also produced in the preparation of mag- 
nesium phenyl bromide (p. 380). 

Diphenyl is prepared on the large scale by passing benzene vapoui* 
tlirougli molten lead, V.IId’^ V»Ba ^ II^* "bhe product is fraction- 

ated, and the diphenyl is purified by distillation and recrystallisation. 

Diphenyl is colourless, melts at 7D, and boils at 254°; when 
oxidised willi chromic acid it yields benzoic acid, C^H^'CODH, 
one of the benzene nuclei giving rise to -COOH. Its behavionr 
with halogens, nitric acid, and sulphuric acid is similar to that 
of benzene, substitution products being formed. 

Diphenylmethane, also contains two benzene 

nuclei ; it may be regarded as derived from metliane by the 
substitution of two phenyl-groups for two atoms of liydrogen, just 
as toluene or phenylm ethane may be considered as a mono- 
substitution product of methane. 

Diphenylmethane may be prepared by treating benzene with 
benzyl chloride (p, 378) in the presence of aluminium chloride, 

Cell, + CeH,-CH,Cl = 0,11, 011/0,11, + HCl. 

It is crystalline, and melts at 26*5°; when treated with nitric 
acid, it yields nitro-derivatives in the usual way, and on oxidation 
with chromic acid, it is converted into diphenyl ketone or 
hemophenone, C,H,'CO-C,H, (p. 445). 

Triphenylmethane, (C,II,) 3 CH, is the parent substance of an 
important group of compounds, all of which contain ilirm benzene 
nuclei. It is formed when benzal chloride (p. 379) is treated 
with benzene in the presence of aluminium chloride, 

C,H/CHCl2 4- 2C,H, = (C,H,)3Cn + 2HC1, 
and also when a mixture of chloroform and benzene is warmed 
with aluminium chloride, 

CHClg 4- 30, H, - (C,H,)3CH 4- 3HCi. 



Halogen Derivatives of Benzene, &c. 


371 


Triphenylniethaiic is colourless, luelts at aud boils at 358 " ; 
it is readily soluble in ether and benzene, but only sj)aringly so 
in cold alcohol. When treated with fuming nitric acid, it is con 
verted into a yellow, crystalline /r^7l^77’o-derivative, 
which, like other nitro-coin pound. s, is readily reduced to the 
corresponding ^r/a7/mw-coni}>ound, CH(C^^H^'NH.,) 3 ; many deriva- 
tives of thi.s base are employed as dyes. 

On oxidation with chromic acid, triphcnylmethane is converted 
into fri])henyl rjirhinol^ (Cp^H^).^C’0}f (m.p. 163 ), a compound which 
can also be oljtained by treating benzophenone (p. 445) or ethyl 
benzoate (p. 451) with magnesium phenyl bromide. 


CHAPTER XXIV. 

HALOGEN DERIVATIVES OF BENZENE AND OF ITS 
HOMOLOGUES. 

Teie action of chlorine and bromine on benzene has already been 
mentioned (p. 332). At ordinary temperatures, in the absence 
of direct sunlight, suhsfitutioji products are slowly formed ; this 
action is greatly hastened by the presence of a halogen carrier, 
such a.s iodine, iron, aluminium, <fec.^ In the presence of direct 
sunlight, however, or in the dark in the complete absence of 
water, the hydrocarbon yields additive compounds by direct com- 
bination with six atoms of the halogen (p. 332). 

The homologues of benzene also shoAv a notable behaviour ; 
when treated with chlorine or bromine at ordinary temperatures 
in the absence of direct sunlight, they are converted into sub- 
stitution products by the displacement of hydrogen of the nueJeus^ 
and, as in the case of benzene itself, the reaction is greatly pro- 
moted by the presence of a halogen carrier ; under these con- 

^ Tht^ action of iodine lias already been referred to (p. 164); iron, aluminium, 
antimony, and certain other metals act as halogen carriers, possibly bt cause their 
chlorides (FeCIs, AlCl;(,Sb01,r,) react with the bydrocarbon.s and giv^e products, 
which are then decomposed by the five halogen, with formation of the metallic 
cldoride and a haloijen substitution product <»f the hydrocarbon, 
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ditioiis tohieiip, for example, gives a mixture of o- and "p-chloro' 
toluenes or hronfotoluene.% 

+ CI 2 - C^H^CI CH, 4- HCl. 

When, on the other liand, no halogen carrier is present, and 
the hydrocar])ons are treated with chlorine or bromine at their 
boiling-points, or in direct sunlight, they yield derivatives by the 
displacement of hydrogen of the side-chain ; when, for example, 
chlorine is passed into boiling toluene, the three hydrogen 
atoms of the methyl-group are successively displaced, benzyl 
ehlgrule, Cflll^'Cn./^l, benzal chloride, CeH./CHCl,,, and 
trichloride, Cgll^'CCIg, being formed ; xylene, again, when heated 
at rts boiling-point and treated with bromine, gives the compounds, 




CHoBr 
CHgBr ■ 


Although these statements are true in the main, it must not 
be supposed that, under any conditions, substitution takes place 
07ilf/ in the nucleus or in the side-chain, as the case may be, be- 
cause this is not so ; in the presence of a halogen carrier, relatively 
small quantities of halogen derivatives are formed by the dis- 
placement of hydrogen of the side-chain, and at the boiling-point 
of the hydrocarbon, or in direct sunlight, hydrogen of the nucleus 
is displaced to some extent. 

Iodine, as a rule, does not act on aromatic hydrocarbons, and 
if at high temperatures substitution occurred, the product would 
be reduced again to the hydrocarbon, 

C«HJ + HT = C«H, + V 


When, however, iodic acid, or some other substance which decomposes 
hydrogen iodide, is present, iodo- derivatives may sometimes l>e prepared 
by direct treatment with the halogen at high temperatures. 


Preparation. — (1) Chloro- and bromo-derivatives of benzene and 
of its homologues may be prei)ared by the direct action of chlorine 
and bromine on the hydrocarbons; such processes in which 
hydrogen is displaced by the use of the free halogen are termed 
‘ chlorination ’ or ‘ bromination ' as the case may be. The conditions 
to be maintained depend, as explained above, on whether hydrogen 
of the nucleus or of the side chain is to be displaced. If, for 
example, toluene is to be converted into ^ cldorobenzyl chloride, 
CgH^Cl CHgCl, the hydrocarbon might be lirst treated with 
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chlorine at ordinary temperatures in the j)resence of iodine ; the 
'p-chloroiolueney CgH^Cl’CHg, thus formed (after having been 
separated from the accompanying ortho compound), would then 
be boiled in a flask connected with a reflux condenser, and a 
stream of dry chlorine led into it. 

In all operations of this kind tlie tlieoreiical <juantity, or a slight 
excess of lialogen, is employed, ih'omine is weighed directly, but in 
the case of chlorine tlie process of ehlorination is eon tinned nntil the 
theoretical gain in weight lias taken place ; the halogen should be dried, 
as, in the presence of water, oxidation products of the hydrocarbon may 
be formed. 


(2) A very important general metliod for tlie preparation of 
aromatic lialogen derivatives, coniainirnj file, hafogcm ro7)thined 
nnih carbon of the nnrlens, consists in the decomposition of the 
diazonium-salts. As the projierties and decompositions of the last- 
named substances are described later (p. 400), it is only necessary 
to stale here that this method is used in the preparation of nearly 
all iodo-compounds, and that it affords a means of indirectly 
substituting any of the lialogens, not only for hydrogen, but also 
for nitro- or amino-groups. 

The conversion of benzene or toluene, for example, into a 
rnono-halogen derivative by this method involves the following 
steps : 

Benzene. Nitrobenzj^ue. Aniinobenzene. Phenyliiiuzonintn (’hloiobo.nenze. 

Chloride. 


Toluene. Nltrotoluene. Aminotoluene. 


(/ H - (Ml ^^3 


To 1 y 1 d i azon i u rn I i I’oino to 1 u o n c. 

Bromide. 


The preparation of a (/f-halogen derivative may sometimes be 
carried out in a similar manner, the hydrocarbon being first con- 
verted into the df-nitro-derivative ; in most cases, however, it is 
necessary to prepare the ?/nwo-halogen derivative by the reactions 
given above, to convert the latter into the nitro-compoiind, and 
then to displace the nitro-group by a halogen atom in the pre- 
scribed manner : 


Bromo- Nitmbromo* ArninoVuomo- 

henzeiie. benzene, lajnzene. 


C H 


Bromophenyl- 
dia/.oniuni Chloride. 


(yT4< 


Br 

CV 


Broniuchloro- 

benzene. 
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(3) Halogen derivatives of benzene and its homologues are 
sometimes obtained l)y treating phenols (p. 425) with the tri- or 
peiita-halogen derivatives of phosphorus, but the main reactions are 
similar to those wliich occur in tlio case of aliphatic hydroxy-com- 
pounds;^ phenols which contain a nitro-group in tlie o- or p-position, 
however, often give a good yield of the corresponding chloronitro- 
derivative, 

ColI,-C + rClf, = + POC]., + HCI. 

An aromatic alcohol (p. 435), such as benzyl alcohol, may also give 
the corresponding halogen derivative {benzyl chloride)^ with a 
phosphorus halide, but usually much better results are obtained 
with a halogen acid, 

-f HCI - C^H^ CH^Cl + 1 l^^O. 

(4) Halogen derivatives may also be obtained by beating 
sulplionyl chlorides (p. 417) wdth phospliorus pcntachloride, 

C^ll5-SO,GI + rCls - CJI^Ci + POCI3 + SOCJ.^, 
and (5) by heating halogen acids witli soda-liTiie, 

CJI^Br-COONa + NaOJT - C(,H,Br + Na.CO^. 

PropeHies, — At ordinary temperatures, most of the ?//07^o-llalogell 
(Lerivatives of benzene and its simpler homologues are colourless 
licpiids ; the di- and /!?'/-halogeii derivatives, however, are generally 
crystalline. They are all iiisoliihle, or nearly so, in water, but 
soluble in alcohol, ether, (fee. Many are readily volatile in steam, 
and also distil wdthout decomposing, tlu^ boiling-point being 
liigher, and the specific gravity greater, than tliat of tlie parent 
hydrocarbon, and rising as bromine is substituted for clilorine, 
or iodine for bromine. 

npn5!ene, Clilorobenzene. BrornolienzPiie. lodobenzpna 

B.p 80-2" 132" 156" 188" 

Sp. gr. at 0" . . 0 899 1 -128 1 -517 I '857 

They are not so inflammable as the hydrocarbons, and the 
vapours of many of them (p. 380) have a very irritating action 
on the eyes and respiratory organs. 

Wlieu the halogen is united with carbon of the benzene nucleus, 
it is, as a rub*, very firmly combined, and cannot he displaced by 
ilie hydroxyl- or aniino-yronp^ with the aid of atiueovs aUcalis, waist 
sHner oxvle^ or alcoholic ammonia. Such halogen derivatives, 

1 rV»mpnr(' footnoto, p. 99, 
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moreover, cannot be converted into less saturated conijmunds }>y 
alcoholic potash, in tlie same way as etliyl bromide, for example, 
may be converted into ethylene; in fact, no l^enzenoid compound 
containing less tlian six univalent atoms, or tlieir valency equiv- 
alent, is known. If, however, hydrogen of the nucleus has lieen 
displaced by one or more nitro-groups, as well as by a halogen, 
the latter often becomes much more open to attack ; o- and 
'p-cMoromtrohenzene, C^.H^CkNC).,, for example, are moderately 
easily clianged by alcoholic potash and by alcoholic ammonia 
at higli temperatures, yielding tln^ corresponding nitro-phenols, 
and nitroanilines, (yi^(NTr.,)'N( respectively ; 
m-rhl()ronitr()h(>nzeve, however, is not changed under these con- 
ditions, a fact which allows that such isomerides sometimes differ 
very considerably in chemical properties (footnote, p. 367). 

Halogen atoms of the side-chains are very much less firmly 
combined tlian are those of the nucleus, and may be displaced 
])y hydroxyl- or amino-groups just as in aliphatic compounds; 
hcnz\fl chloride^ CijHr/CH^Cl, for example, is converted into benzyl 
alcohol^ by boiling sodium carbonate solution, and 

when heated Avith alcoholic ammonia, it yields hen::ylcvinin(\ 
C,H, CH2-NH, (p. 399). 

Halogen atoms of the nucleus, as well as those of the side- 
chain, are displac^ed by hydrogen with tlie aid of hydriodic acid 
and red pliosphorus at high temj>eratures, or of sodium amalgam 
and aqueous alcohol ; the former, how(‘ver, are much less readily 
displaced than the latter. 

Chlorobenzene, C^jH^Cl (phenyl chloride), may be described as a 
typical example of tho.so halogen derivatives in Avhich the halogen is 
combined with carbon of the nucleus. It may l)e prepared by Sand- 
meyer’s reaction — that is to say, by treating an aqueous solution of 
phenyIdiazoniumchloridewithcuprousch]oride(p. 402); this method, 
therefore, alibrds a means of preparing chlorobenzene, not only from 
the diazoiiiuiu-salt, but also indirectly from amiiiobenzene (aniline), 
nitrobenzene, and benzene, in the manner already indicated (p. 373). 

Aniline (20 g. ) is diazoiised hy the iiiethod ^h^s(‘ri)^pd on p. 403. To the 
solution of tlip difizoiiiiim chloride a cold solution of cuprous chloride 
(10 g. ) in concentrated liydrochloric aci<l (about lOt) c.c, ) is cautiously 
added, and the niixtnreiH kept during about twelve hours; the chloro- 
benzene is then distilled in .steam, washed with a .solution of sodium 
hydroxide, separated, <lried, and distilled, 
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On the large scale chlorobenzene is obtained, together with 
0- and 'p-dichlorobe7izenes, CgH^Cl 2 , trichlorohenzenes, Cgllj^Clg, &c,, 
by chlorinating benzene in the presence of a carrier (iron), and 
fractionating the product. It should be noted that chlorobenzene 
and other nuclear halogen derivatives, unlike the alkyl halides, 
cannot be prepared by treating the corresponding hydroxy-com- 
pounds (phenols) with a halogen acid. 

Chlorobenzene is a colourless, mobile, pleasant-smelling liquid ; 
it boils at 132°, and is readily volatile in steam. Like benzene, 
it is capable of yielding nitro, amino-, and other derivatives ; it 
differs from the alkyl halides in being unchanged by water, boiling 
alkalis, moist silver oxide, metallic salts, and alcoholic ammonia, 
but with sodium hydroxide solution in an autoclave at SOO' it 
gives phenol. 

Bromobenzene, C^H^Br (phenyl bromide), may be prepared 
from phenyldiazouium sulphate by Sandmeyer’s reaction, using 
cuprous bromide (p. 402) ; also by brominating benzene in the 
presence of iron. 

Benzene (1 part, say 10 g.),^ together Avith bright iron wire (about 0*2 g.) 
is placed in a flask provided Avith a reflux condenser, and the bromine (2 
parts) 2 is added gradually from a stoppered funnel, the bent stem of 
Avhich passes througli tiie cork of the flask ; the hydrogen hi ornide Avhich 
is evolved may he absorbed in a tower containing moist coke. The 
product is Avashed AA^ell with Avater and dilute caustic soda successively, 
dried, and fractionated. The ^-dibromohenzeue (m.p. 89®; b.p. 219®), 
Avhich may be formed in the above reaction, remains as a residue if the 
distillation is continued only until the thermometer rises to about 170®; 
it solidifies Avlien cold, and may be recrystallised from aqueous alcohol. 

Bromobenzene boils at 155°. 

lodobenzene, (phenyl iodide), cannot be obtained by the 

action of iodine alone on benzene (p. 372) ; it is most conveniently 
prepared by decomposing phenyldiazouium sulphate with potassium 
iodide in aqueous solution, 

-f KI - C^H,I -h KHSO4 + 

Aniline (1 part)^ is diazotised Avith sodium nitrite and sulphuric acid 
(compare p. 403), the cold solution of the diazoniuTu sulphate is treated 
Avitli R concentrated solution of potassium iodide (2^ parts), and the 

1 Compare footnote (p. 361). 

2 Very great care must he taken with this dangerous and the operation 

•hould be cai ried out in a fume chamber. 
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mixture is gradually heated until nitrogen is no longer evolved ; the 
iodobenzene is then separated by steam distillation, crashed with dilute 
caustic soda, dried, and distilled. 

Iodobenzene boils at 188° 

The variation in the physical properties of chloro-, bronio-, and 
iodo-benzene (p. 374) should be noted ; as the halogen atoms in 
these compounds are so firmly combined, these and other nuclear 
halogen derivatives of benzene, unlike the alkyl halides, are little 
used as reagents, except for the preparation f)f aryl Grignard 
compounds (p. 380). 

Iodobenzene dichloride, (.(.Hr/IClo, separates in crystals when iodo 
benzene is dissolved in chlorofoim and dry chlorine is passed into the 
ivell-roolcd Kolutioii, It is slowly deeoni]M)sed by dihilo caustic soda 
(4-5 per cent.), and in the course of 6-8 hours at ordinary temperatures, 
it is converted into wdosohenzettc, 

CJl^lCly-f ^NaOH-: CgHgTO + ^iNaCl + 11,0, 
which can he separated by filtration, washed witli water, and dried on 
porous earthenware. 

lodosobenzene, CrtH^^TO, is a colourless solid, moderately easily soluble 
in warm water and alcohol : it explodes at about 210'’. It has haste 
properties, and reacts with acids, forming a salt and water, 

( W.T O -f 2(yT,0, == (VI .J( f W > 2 ). + Ih,( ) ; 
it is also an oxidising agent, and liberates iodine from potassium iodide 
in acid solution, 

( f 2H I = CeH,I 1 1,+ 11,0. 

When iodosohenzene is submitted to distillation in steam, it undergoes 
a most interesting decomposition, giving iodobenzene, wbicb distils over 
with the water, and iodoxyhenzeve, which is non-volatile, 

2( V, 11,10 JO,. 

lodoxybenzene, CgHglO,, separates in colourless needles when the 
aqueous solution is evaporated to a small volume and then allowed to 
cool ; it explodes at about 230”. Unlike iodosohenzene, it does not 
show basic properties, but it is an oxidising agent and liberates iodine 
(4 atoms) from hydrogen iodide. 

When a mixture of iodosohenzene and iodoxyhenzene is shaken with 
water and freshly juecipitated silver oxide, in tei action takes place and 
diphenyliodonium iodate is formed, 

CJIJO f CeHJO,-« yioj io,,. 

Tliis product is the salt of a strongly basic hydroxide, (CgH^),!!)!!, 
diphenyliodonium hydroxide, Avhich has only been prejiared in the fomi 
of its salts; it is an interesting fact that such derivatives of tcrvalciil. 
iodine sliould show basic properties. 

These remarkable compouiuis were discovered and investigated by 
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Will^eroflt and by V. Meyer; analogous compounds may be ])repared 
from other iodo-derivatives containing tlie iodine atom directly united 
with the benzetie (or a benzeiioid) nucleus, but the dichlorides of 
aliplwitic iodides, sucli as CoTL/lCly, only exist at lo>v temi)erature8. 

Chlorotoluene, 0^311^01 CH,; {tolyl cbloride), being a di-snbsti- 
tiitioji product of bonzeiio, exists in three isomeric modifications, 
only two of which — namely, the o- and p-compounds — are formed 
when raid toluene is treated witli chlorine in the presence of 
iodine or iron ; the three isomerides may be separately obtained, 
and are often jirepared from the coiTesj)onding toliiidines by 
Saiidmeyer’s method (p. 375), 


CJT, 


NR, 

C\L 




.N„C1 

^cn. 


Tolyl(lia?oniuiii Chloride. 


,01 
'CHs 

Chlorotoluene. 


CAL 


o-Olflorotoluene boils at 159"^, m-clilorotokiene at 162^, and 
y rhlorofolupne at 163”; they resemble clilorobenzene in most 
respects, but, since they contain a methyl-group, tliey have 
also some of the properties of aliphatic compounds ; on oxidation, 
they are converted into the corresponding chlorobenzoic acids^ 
0,311401 GOGH, just as toluene is transformed into benzoic acid. 

The isomeric hromotoluenes are prepared by methods similar to 
^diose used in the case of the cliloro-componnds ; the iodoioluenes 
are obtained by diazotising the toluidines and treating the 
diazonium salts with potassium iodide (p. 403). 

The boiling (and melting) points of these compounds are given 
below : 


Bromotoluenes, 0-, 182'"; m-, ISd""; p-, 185” (m.p. 28 ”). 
lodotoluenes, 0-, 204”; m-, 204”; p-, 213° (m.p. 34”). 

These data afford good examples of the general rule (p. 363) 
that the p-compouuds have usually higher boiling-points than cither 
tlie 0- or tlie m-isomerides. 

Benzyl chloride, C,jH-/CIl2Cl, although isomeric with the three 
clilorotolueiies, differs from them very widely in many respects, and 
may be taken as an example of that class of halogen compounds 
ill which the halogen is present in the dd e-chain. It may 
be obtained by treating benzyl alcoliol (p. 435) with liydrogen 
chloride, but is always j)repared by passing chlorine into hailing 
toluene, 


C^5]lvCIIj3 -t- 01^ - CoIVCIlgCl + HCl, 
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The toluene is contained in a llask \\hicli is heated on a sand 
hath and connected with a rellux conden.'-er ; a stieani of dry 
chlorine is then passed into the hoilinj^ liquid, unlil the tlieoictical 
gain in weight has taken place, and the luodnct is pniitied by 
fractional distillation ; the action takes place most rapidly in 
strong sunlight. 

Benzyl chloride is a colourless, uiipleasant-siiiclJing liquid, 
boiling at 176® ; it is ]>ractically insoluble in water, but is 
miscible with most organic liquids. It beliaves like other 
aromatic coiiqmunds towards nitric acid, by wliicb it is converted 
into a mixture of isomeric nitro-coiiipounds, Cj^;H^(jS()o) C7lk,Cd. 
At the same time, however, it has many properties in com- 
mon with tlie alkyl halides ; tlius it is slowly decoiiijmsed ))y 
boiling water, yielding the corresponding hydroxy-compound, 
benzyl alcoh<d (p. 435), 

4 11,0 - cy )!! + HCl, 

and it reacts witli alcoholic ammonia, potassium cyanide, silver 
acetate, and many otlier compounds, giving benzyl derivatives 
corre.sponding with those obtained from tlie alkyl halides. 

Benzyl chloride is a substance of considerable commercial 
importance, and is used for the pre])aratic)n of benzyl alcohol 
(p. 436) and benzyl derivatives of aniline. 

Benzal chloride or benzylidene dichloride, ^ cyb/CIICio, 
may be obtained by treating benzaldebyde with phos])horus 
pentachloride, 

C + PCI5 = CgH^CHCl^ + POCI3, 

but it is prepared on the large scale by chlorinating toluene, just 
as described in the case of benzyl chloride, except that tlie 
process is continued until twice as much chlorine has been 
absorbed. It boils at 213*, and is hydrolysed by Avater and liy 
aqueous alkalis giving benzaldebyde (p. 438), for the preparation 
of wliicli it is used. 

Benzotrichloride, Cgll^'CClg (phenylcbloroform), is also pre- 
jiared by chlorinating boiling toluene ; it boils at 213°, and wlien 
heated with Avater, it is converted into benzoic acid, 

G.Hg’CClg + 2 H 2 O - C,1B;C00H + SHCl. 

^The name benzal or benzylidene is given to the group of atoms, 
which is analogous to ©thylidene, CHs»*CH . 
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It is interestin'^^ to note that tliose toluene derivatives in 
wliicli the. halogen is in the aide-chain are lac]irynia((jry (henzyl 
bromide was used in the war of J914-18), whereas componnds 
such as the clilorotoluenes, with the halogen combined with 
carhon of the nucleus, liave hardly any action on the eyes. The 
three side-chain lialogen derivatives of toluene are all important 
because of their use in the large-scale preparation of benzyl 
alcohol, henzaldehyde and benzoic acid respectively. 

Aromatic (Iritjnard reagent 

Many aromatic halogen derivatives, like the alkyl halides, 
react readily with inagnesiiini in the j)resence of j)ure ether, 
and the Grignard reagents which are thus formed show the 
reactions of those of the aliphatic series (p. 208). 

Magnesium phenyl bromide, CJI^ Mgllr, and magnesium 
benzyl chloride, C^.Hr/CH.^*MgCI, are common reagents of 
this type. They are decomposed by water, giving benzene and 
toluene respectively, so that the aromatic monohalogen derivatives 
may he easily transformed into the parent hydrocarbons. 

The aromatic or aryl Grignard reagents, being easily prepared, 
have been very much used in the synthesis of secondary and 
tertiary aryl alcohols (p. 437), and of aryl derivatives of both 
metals and non-metals. 


ch/pter xxv. 

NITRO-COMPOUNDS. 

It has already been stated that one of the more characteristic 
properties of aromatic compounds is the readiness with which 
they may be converted, into nitro-derivatives, by the substitution 
of nitro-groups for hydrogen of the nm^lens ; the compounds 
formed in this way are of the greatest importance, more especially 
because it is from them that the amino- and diazonium-compounds 
are prepared. 

Preparation , — Many aromatic compounds are ^nitrated ' — 
that is to say, converted into their nitro-derivatives — when they 
are treated with concentrated nitric acid (sp. gr. 1*3 to 1*5), in 
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tlie cold or at ordinary temperatures, and under sucli conditions a 
moiioiiitro-compound is usually produced ; benzene, for example, 
yields nitruhenzemy and toluene, a mixture of o- and y nifndoluenet^, 

C,H,4-HN()3^C,H,;NU, + ]I/), 

C.Hs-CHa + TING., - C,n,(CH3)-i\ 0, + H.O. 

Some aromatic compounds, however, are only very slowly acted 
on by nitric acid alone ; in such cases a mixture of concentrated 
nitric and sulphuric acids is used. This mixture is also employed 
in many cases, even when nitric acid alone might he used, 
because nitration then takes place more readily. When a large 
excess of such a mixture is used, and especially wlien heat is 
applied, tlie aromatic compound may be converted into (a mixture 
of isomeric) dinitro- or trinitro-derivatives ; benzene, for instance, 
yields a mixture of three (Unilrohenzemis^ the principal product, 
however, being the mcta-compound, 

C A + 2 HNO 3 = + 211,0. 

In carrying out nitrations the aromatic compound is added to 
the acid or vice versa in small quantities at a time, otherwise the 
reaction may be too violent; in all such experiments particular 
precautions must be taken to avoid accidents. 

Generally speaking, the number of hydrogen atoms displaced 
i)y iiitro-groups is tlie larger the higher the temperature and the 
more concentrated the acid, or mixture of acids, employed, hut 
depends to an even greater extent on the nature of the substance 
undergoing nitration ; as a rule, the introduction of nitro-groups 
is facilitated when other atoms or groups, especially hydroxy- 
or alkyl-groups, have already been substituted for hydrogen of 
the nucleus. The nature of these atoms or groups, moreover, 
determines the position taken up by the entering nitro-group ; 
if the substituent group is -NOg, -COOH, or -SO 3 H, the 
m-nitro-derivative is formed, whereas, wlieii the atom or group 
in question is a halogen, or an alkyl-, amino-, or hydroxyl groups 
a mixture of the 0- and p-nitro-derivatives is produced. 

This directing or orientating influence of an atom or group, 
already combined with the nucleus, on the position which is 
taken up by a second substituent, is not lestricted to the case of 
a nitro-group, hut is observed in the formation of all benzene 
substitution products, except, of course, in that of the mono- 
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derivatives ; so regulaily, iu fact, is Uiis inllueiice exercised that 
it is possible to sinninarise the course of those reactions, which 
give di-3ubstitution products, in the following statements : 

The relative position taken up by one of the following atoms or 
groups, (1, Br, ISiO^, S() 3 ll, which are caj)able of direvHy di8i)lacing 
hydrogen of the nucleus, depends on the nature of the atom or 
group, A, already united with the nucleus. 

When A -Cl, Br, I, NR,, NHR, KB,, OH, CH,, (or other alkyl- 
group), the product consists almost entirely of a mixture of the 
para- and the ortho-compounds.^ 

When, on tJie other hand, 

A -NO,, COOH, SOyll, CHO, CO-K, CN, 
a derivative is the principal product, and relatively very 

small quantities of the ortho- and para-compounds aie formed. 

Tiiis general behaviour may also be summarised as follows {Crum 
rule) : When the atom or group, A, in a mono-substitu- 
tion product is such that its hydrogen compound, HA, cannot be 
direrfhf oxidised to I10‘A, the di-su1)stitution })r()diict is a mixture 
of tlie ortho- and ^wm-compounds ; if, on the other hand, HA can 
be directly oxidised to HO*A, the product is the meta-compound. 

All aUeniative rule is : when an atom, A, united to the nucleus, is com- 
bined to a different element by a double or .semi-polar l)ond, W6^a-sabatitu- 
tioii occurs ; otherwise, ortho- and para-derivatives are fonued. 

These statements also hold good wlien two identical atoms or 
groups are introduced in one operation, since tlie change really 
takes place in two stages ; when benzene, for example, is treated 
with nitric acid, me^a-dinitrobenzeno is the })rincipal product, 
whereas bromine gives mainly y?am dibrornohenzene. It is very 
important to remember this orient at tag eflbct of particular atoms 
and groups and to understand that ///e/a-nitrochlorobenzene, for 
example, may be obtained by chlorinating nitrobenzene, but not 
by nitrating chlorobenzene. 

Properties . — Certain aromatic nitrocompounds have a more 
or less intense yellow colour ; as they are usually crystalline they 
often serve for the identification of hydrocarbons and other liquids. 
Many of them are volatile in steam, but, with the exception of 
certain mononitro-derivatives, they cannot be distilled under 

i Tn Friodel and Crafts* reaction toluene gives m-xylene as the main proiluct 
'({1. 306), but as a rule the orientating effect of the CH 3 - group is as stated. 
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atmospheric pressure, because when heated strongly they decom- 
pose, sometimes with explosive violence ; an explosion may also 
occur when they are heated with sodium, in testing for nitrogen. 
They are generally sparingly soluble in water, but readily soluble 
in benzene, ether, alcohol, &c. As in tlje case of the nitro-paraffins 
(p. 175), the nitro-group is very firmly combined, and, as a rule, 
is not displaced by the hydroxyhgrouj> even wl»en the compound 
is heated with aqueous or alcoholic potash. 

The most important reaction of the nitro-compounds — viz. their 
behaviour on reduction — is described later (p. 386). 

Nitrobenzene, is usually prepared in the laboratory 

by slowly adding to benzene (10 parts) ^ a mixture of nitric acid 
of sp). gr. 1*45 (12 parts), and concentrated sulphuric acid (16 
parts), the temperature being hept below about 40“. 

The benzene is placed in a llask (which must tio( be corked), and the 
acid mixture is slowly added from a dropping funnel. Tlie flask is cooled 
in water and is given a rotatory motion during tlie operation. As soon as 
all the acid has been added, the product is heated at ahoiit 80'^ during 
half an liour, then co(ded, and poured into 5-10 volumes of water; the 
nitrobenzene is se[)arated with the aid of a tap funnel, washed with a 
little dilute alkali until free from acid, and well shaken with a few 
small lumps of anliydrous calcium cliloride; as these dissolve, more are 
added, and so on, until the nitrobenzene becomes clear. It is then 
filtered into a 4llstillation flask and fractionated (if incompletely dried, 
the contents of the flask crackle and splutter when heat is applied) ; the 
liquid collected from about 200-215® is sufficiently free from impurity for 
ordinary purposes, and any dinitrobenzene wliicli may have been formed 
will be obtained as a resi<lue. 

On tlie large scale, nitrobenzene is prepared in a similar manner, but 
the opieration is carried out in iron vessels provided with stirrers ; the 
p)ioduct is separated from the acid mixture and exposed to a current of 
steam until free from benzene. 

Nitrobenzene is a pale-yellow oil of sp. gr. T2 at 20®, and has 
a strong smell, wliicb is very like that of benzaldehyde (p. 439) ; 
it boils at 209®, is volatile in steam, and is miscible with organic 
liquids, but is practically insoluble in water. In spite of the 
fact that it is poisonous, it was formerly employed, instead of oil 
of bitter almonds, for flavouring and perfuming purposes, under 
the name of ‘essence of myrbane’; its principal use, however, is 
for the manufacture of aniline (p. 390). 

' Compare footnote, p. 361. 

Org* 26 



d84 


Nitro-Compounds. 


Meta-dinitrobenzene, CgH4(N02)2> obtained, together with 
small quantities of tlie o- and p-dinitro-compounds, b}' the nitration 
of nitrobenzene (or of benzene). 

Nitrobenzene (1 part) is gradually run into a mixture of nitric acid 
(sp.gr. 1-5; parts) and eoncentrated sulpliuric acid (1^ parts) to 
wliich a few sinall pieces of iinglazed earthenware have been added ; the 
llask is tlien heated on a sand-bath, until a drop of the oil solidifies 
completely when it is stine<l with cold water. When cold, the mixture 
is poured into a large volume of water, and the solid is separated by 
filtration, washed with water, and recrystallised fioin hot alcohol until 
its melting point is constant; (he o and p compounds, which together 
form only about 8 per cent, of the original product, remain in the 
mother liquors. 

m-l)iuitrobeiizene crystallises in pale-yellow needles, melts at 
90°, and is volatile in steam ; it is only very sparingly soluble in 
boiling water and is very poisonous. On reduction with alcoholic 
ammonium sulphide (p. 387), it is first converted into m~nitro~ 
aniline (p. 394), and then into m- 2 >keriyl(mediamlne {m-diamino- 
benzene), C,H 4 (NIT. 2)2 (p. 395). 

o-Dinitrohoizene and ‘\^-dinUroheffize7ie are colourless and melt at 
118° and 173° respectively ; the former may be obtained from the 
mother-liquor from the crystallisation of the crude m-compound 
(see above) and the latter by oxidising quinone dioxime (p. 446) 
with nitric acid. They resemble the corresponding m-compound 
in their behaviour on reduction, and in most other respects* 
0-Dinitrobenzeue, however, differs notably from the other two 
isomerides, inasmuch as with boiling caustic soda, it yields o-nitro- 
phenol (p. 426), and with alcoholic ammonia, at moderately high 
temperatures, it gives o-nitroaniline (p.394). A similar behaviour 
is observed in the case of other o-dinitro-conipounds, the presence 
of the one nitro-group rendering the other more easily displaceable. 

Symmetrical trinitrdbenzene, CgH3(N0.2)8, is formed wlien the 
m-dinitro-com pound is heated with a mixture of nitric and 
anhydrosulphuric acids; it is colourless, and melts at 121-122° 

The halogen derivatives of benzene are readily nitrated, yield- 
ing, however, the o- and p-mononitro-derivatives only, according 
to the orientation rule (p. 382) ; the m-iiitro-halogen compounds^ 
therefore, are prepared by chlorinating or brominating nitro- 
benzene. All these nitro-halogen derivatives are crystalline, and, 
as will be seen from the following table, their melting-points 
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exhibit the regularity already mentioned (p. 363) except in the 
case of m-iodo7iiirohemzene : 


Chloronitrobenzeiie, 


Ortlu). 

32-5° 

MhUi. 

44° 

Para. 

83° 

Bromonitrobeiizene, 

C„H,i;rNO.^ 

43 

56 

126 

Todonitrobeuzeiie, 


52 

36 

174 


They are, on the whole, very similar in chenncal properties, 
except that, as already pointed out (p. 375), the o- and p-coni- 
pounds differ from the m-compounds in their behaviour with 
alcoholic potash and ainrnonia, a difference which recalls that 
shown by the three dinitrobenzenes. 

I'he nitrotoluenes, are iinjmrtant, because 

they serve for the pre^paration of the toluidines (p. 394). The 
0- and p-compounds are prepared by nitrating toluene, and may 
be separated by fractional distillation under reduced piessiire, 
combined with crystallisation at low temperatuies ; o-nitrotolueiie 
melts at ~ 4"’, and boils at 222°, whereas -p-vilrofoJuene melts at 51°, 
and boils at 238". m-Nitroiolvene is also formed in very small pro- 
portions by nitrating toluene ; it melts at 16°, and boils at 230". 

Trinitrotoluene^ CgH2(CHg)(N02)3 [SNOg— 2:4:6],^ manufactured 
by the further nitration of the mixture of o- and p-nitrotoluenes, is a 
very important explosive (T.N.T.) ; it melts at 82° without decom- 
posing, but it can be detonated wdth mercury fulminate (p. 319); 
mixed with ammonium nitrate, it forms the explosive, antatol. 

On oxidation wdth dichromate and sulphuric acid, trinitrotoluene gives 
trinitrohenzoic acidy which loses carbon dioxide when it is heated with 
water ; the product, on reduction, yields triaminohenzerie, which is con- 
verted into phloroglucinol (p, 433) hy boiling hydrochloric acid. 

Phenylnitromethazie, CoHg CHa'NOj,, is an example of a compound 
which contains a nitro-group in the side-chain. It is obtained hy the 
interaction of benzyl iodidCt CgHs'CHoI, and silver nitrite, and is a 
colourless liquid, boiling at 141® (35 mm.). Like the primary and 
secondary nitroparaffins, it is a pacndo acid {p. 177), and gives, with 
sodium hydroxide, a salt, OfiH 5 *CH:NO ONa, wliich is derived from the 
acid, CeHg'CHtNO’OH ; tliis acid is obtained as a crystalline precipitate 
(m.p, 84®) when the sodium salt is treated with a mineral acid in aqueous 
solution, hut it soon undergoes isomeric cliange into phenyluitromethane, 
even at ordinary temperatures. 

* When, as in this case, one of the substituents (namely the CH 3 - group) is not 
shown in the brackets, it must be taken to be in the 1 position. 
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CHAPTER XXVI. 

AMINO-COMPOUNDS AND AMINES. 

The hydrogen atoms in aromatic compounds may be indirectly 
displaced by amino-gr()nj>s, and in iliis way bases, such as amline, 
C^Hr/NlIo, b(mzyl(i'tinm% and (lUmimohenzene, 

wbicli are analogous to, and l)ave many j>ioperties 
in common witli, Uie aliphatic amines, are produced ; as, however, 
tliose compounds, which contain the amino-group directly united 
with carbon of the nucleus, differ in several res])e,cts from those in 
which this radical is present in the side-chain, and, moreover, 
are of luiicli greater importance than the latter, tliey may be con- 
sidered as forming a separate group, the members of which will 
be referred to as a)nin()-eovipoun(h. 

Aiuino-Compbuvdfi, 

The amino-compounds, therefore, are derived from benzene 
and other aromatic substances, by the substitution of one or more 
amino-groups for hydrogen atoms of the nneleus ; they may be 
classed as mono-, di-, tri-, &c., amino-compounds, according to tl»e 
number of such groups which they contain, 

C«H,-NH, C„H,(NH,), C,n3(NH,)s. 

Aminobenzeiie (Aniline). Diarninobenmie. Triaminobenzeiie. 

With the exception of aniline, the homologous amino-compounds 
show the usual isomerism ; there are, for example, three isomeric 
(o.m.p.) dtayiiinoheyizenm, and three isomeric (o.m.p.) avdnotohimets^ 
or toluidineSf C^ 3 Ff 4 (CH 3 )'NH^, a fourth isorneride of the toluidines 
— namely, henzylamine^ (p. 399) — being also known. 

Preparation. — The aniino-cornpounds are nearly always prepared 
by the reduction of the nitro-com pounds ; various reducing agents, 
such as tin, zinc, or iron, with hydrochloric or acetic acid, are 
employed, and also a solution of stannous chloride in liydrochloric 
acid, 

4- 6H = C.H.-NHa -f 2H,0, 

4- 6H - CcH,(CHg)XH,V 2H,0, 

4- aSiiCla 4- 6HC1 - CeH^-NHg 4- 3SnCl^ 4- 2 H 2 O. 
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Keduntion i« usiuilly efl'ected by merely treating tbe nitro-compound 
witli tlie reducing agent, when a vigoroiiH reaction often ensuen, and tbe 
application of heat is seldom necessary except towards tbe end of tbe 
oj)eration. Tlie solution then contains the aniino-compound, combined 
as a Ksimplc salt ; w hen, however, tin, or stannous chloride, and hydro- 
chloric acid have been used, a complex salt, J^ujIiySnClg, may be produced 
from the hydrochloride of the base and the stannic chloride which has 
been formed. In either case the amino-compound is li}>crated by adding 
excess of caustic soda (or lime), and is distilled in steam or extracted 
with ether or some other solvent; when tin and hydrochloric acid, or 
stannous cliloride, has been used, tbe acid solution may be treated with 
hydrogen suli)liide, liltered, and evaporated, in order to obtain the 
bydroeliloride of the amino compound. 

Nitro-com pounds may also bo reduced to amino-compounds iji 
alkaline solution witli liydrogen sulphide, or, more conveniently, 
with an alcoholic solution of aminoiiiuui sulpliide (p. 394), 
cy -h 3llp - - + 2H/) + 3S ; 

a mixture of ferrous sulphate and an alkali hydroxide in aqueous 
solution is also fre(|uently employed. 

Wlioii a compound contains two or more nitro-groups it may 
bo partially reduced by treating its alcoholic solution either 
witli tlie calculated quantity of stannous (or titanous) chloride 
and hydrochloric acid, or with ammonia and liydrogen sulphide; 
in tlie latter, as in the former case, one nitro-group is reduced 
before a second is attacked, so that if tbe current of gas is stopped 
at tbe right time (which must be ascertained by experiment), 
partial reduction only takes place. Dinitrohenzene, for example, 
can bo converted into iiitroaniline by either of these methods, 
the latter being the more convenient, 

+ 2H,0 + 3S. 

Amino-coni[)oiiiids may also be obtained by reducing certain 
nitroso derivatives (p. 397) and also azo- and bydrazo compounds 
(p.p2). 

The monoamino-derivatives of benzene, toluene, xylene, &c. 
are prepared commercially in largo quantities by reducing the 
nitro-compouiuls with iron and hydrochloric acid. 

Tlie dianiino-compounds, such as tlie o-, m-, and p-diawino- 
benzenes or phenyl enedtafumexj C«H4(NHj2)2> ‘'ire prepared by 
reducing either tbe corresponding dinitrohenzene^^ 
the nitroaniUnes, ("^H 4 (N() 2 )’NH 2 . 
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Pwpertdes.-—T\iQ mo?^oa??^mr?‘CompouI^ds are mostly colourless 
liquids, which distil without decomposing, and are specifically 
heavier than water ; they have a faint ])nt cliaracteristic odour, 
and dissolve freely in organic solvents, but are only sparingly 
soluble in water ; on exposure to air and light they darken, and 
ultimately become brown or black. 

They are comparatively weak bases, and are neutral to litmus, 
in which respect they differ from the strongly basic aliphatic 
amines and from tbe aromatic amines, such as beiizylamine 
(p. 399), which contain the amino-gronp in the side chain; for 
this and other reasons ([>. 424), the phenyl -group may be 
regarded as a negative or acidic radical. Nevertheless, the amino- 
compounds combine with acids to form salts, such as aniime. 
hydrochloride, CYHr/NHo,HCl, and phenyl enediamine dihydro- 
chloridcy C^H^(NIT,)y,2HCl.^ The simple salts of the amino- 
compounds are usually soluble in water, })y which they are 
hydrolysed to a greater or less extent ; they are complete!}" de- 
composed by an excess of caustic alkali or alkali carbonate. 

When two hydrogen atoms in ammonia are displaced by 
phenyl-groups, as in diphenylamine, (C^ 5 H 5 ) 2 NH (p. 398), tbe 
product is so feebly basic that its salts are almost completely 
hydrolysed by water. Triphenylamine, (CgH 5 ) 3 N (p. 398), more- 
over, does not form salts at all. 

For a similar reason, tlie hydroxy-, nitro-, and lialogen-derivatives 
of the amino-compounds, sucli as andnophenol, C^H 4 (OH)'.N]T 2 , 
nitroaniline, C^.ll 4 (N() 3 )’NK„ chloroaniline, Cjdl^Cl’NHg, <fec., are 
also weaker bases tlian the arnino-compounds themselves, because 
tile presence of the negative group or atom, HO-, Cl- 

&c., enhances the acidic cliaracter of the phenyl radical. 

The amino-compounds differ from the aliphatic primary amines, 
and from those aromatic jmmary amines which contain the 
amino-group in the side-chain, in their characteristic behaviour 
towards nitrous acid. Although, when their salts are warmed witli 
nitrous acid (a nitrite and an acid) in aqueous solution, they yiidd 
phenols hy the substitution of the liydroxy- for the amino-group, 
just as the aliphatic amines give alcoliols (p. 194), 

/ -f- NOJf - -f Ng -f H,0, 

Cffl;NR^ -f NO,ll = 4- H^O, 

» These formula3 may also be written and [C^HifNIlahJClg re- 

spectively (p. 211). 
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in the cold (usually at about 0 °), under otherwise the same con- 
ditions, they are converted into diazoniurn-mlts (p. 400 ), substancen 
which are not produced from the primary alipliatic amines. 

It will be evident from the above statements that there are 
several important diJferences between tlie amino-compounds and 
the aliphatic primary amines, the character of an amino group of 
the nucleus being influenced by its state of combination ; never- 
theless, except as regards those points already mentioned, amino- 
compounds have, on the whole, properties very similar to those 
of the aliphatic primary amines. The amino-compounds, like the 
latter, react readily with alkyl halides, yielding mono- and di- 
alkyl derivatives, such as methylaniline^ C^jHg’NTT’CHg, dimethyl- 
aniline^ CgH5’N(CIl.{)2, &c., and also quaternary ammonium salts 
(p. 197 ), such ph nyltrimethylammonium iodide^ Cgll5*N(CIl8)3l, 
or [C,H«-N(CH3)3]I (p. 211 ). 

They are also readily changed by acid chlorides and anhydrides, 
yielding substances such as acetanilide and acetotoluide^ which 
are closely allied to, and niay be regarded as derived from, the 
aliphatic amides, 

+ CHg-COCI = CgH^NHCO'CHg + HCl, 
CeH4(CHg)‘NH2 4 - AC2O = CJl4(CH3)NHAc -f CHgCOOH.i 
These sulmtituted, amides are crystalline, and serve for the 
identification of the (liquid) amino-compounds ; like the amides, 
they are hydrolysed IJy boiling acids or alkalis, 

C«H,<g“«co.cH3 + + CIl3CO()H. 

Boiling sulphuric acid, previously diluted with about an equal 
volume of water, is generally the most suitable reagent, but nmny 
hours may be necessary to complete the hydrolysis. 

The amino-compounds, like the aliphatic primary amines, give 
the carbylamine reaction ; when a trace of aniline, for example, 
is heated with alcoholic potash and chloroform, an intensely 
nauseous smell is observed, due to the formation of phenyl- 
carbylamine (pp. 195 , 317 ), 

(\H5 NH2 + CFICIg -f- 3 KOH = CJL/NC -f 3 KC 1 + 3H2O. 

Diamino- and triamino-componmls, such as the three (o.m.p.) 
phenylenedia7 nines or diaminobenzenes^ CgH^(NH2)2> and the 

1 Ac represents the acyl radical (acetyl group), -CO'OH^. 
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trimii nobenzenes, are very similar to the moiioamino- 

compounds in chemical properties, but differ from them usually 
in being solid, more readily soluble in water, and less volatile; 
the triamiiio-cornpounds generally form salts, sucli as C^ll 3 (NH 2 ) 3 , 
2HCI, with only two equivalents of an acid. 

Aniline and its Det'ivatives. 

Aniline, (aminobenzene, plienylamine), was first 

obtained by IJnverdorben in 1826 by strongly beating indigo.^ 
Range in 1834 sliowed that aniline is contained in small quantities 
in coal-tar; its preparation from nitrobenzene was first accom- 
plished by Zinin in 1841. 

Aniline may be pre[)arcd by the reduction of nitrobenzene with 
iron and hydrocliloric acid, a method which is used on a very 
large scale, 

C,H.;NO.> -f 611 - CoH^-NHo + 2 II 2 O. 

Nitrohenzene (23 grains) and iron borings (43 grains) are lieated 
togethcn* on a water-bath in a 230 c.c. flask, fitted witli a short, wide 
air-condenser, and concentrated hydrochloric acid (15 c.c.) is adiled 
through the condenser in small quantities at a time in the course of 
about 20 minutes, after which lieating is continued during about 15 
iniiiutes longer. Tlio contents of the flask are vigorously shaken from 
time to time, especially after each addition of the acid, A concentrated 
solution of sodium liydroxide (about 3g ) is then slowly added, and the 
liberated aniline is distilled in steam. Tlie di.stillate is saturated with 
salt, and the base is separated, dried over solid potash, decanted into a 
dry flask, and piirilied by distillation. 

Tlie quantity of hydrochloric acid used on (he large scale is about 
of that calculated from (he equation, 

CA-NO, 3Fe + 6HC1 = H., + 3FeCU -f 2H,0, 

because in the presence of ferrous clilqride, aniline is formed by other 
reactions, sucli as the following, 

Cellg NO., + 2Fe -f- 4H/) = + 2Fe(OH),. f 

In preparing aniline in the laboratory, tin and b.j(lrocbloric 
acid may also be employed, 

20,H5‘N02 + 3Sn -f 1 2HC1 = 2C,H, NH 2 + 3SrvC], -f 4H,0. 

The opera(ion is carried out wi(4i the api)aratus just described, using 
ni(irobenzene (23 g.), granulated tin (45 g.), and concentrated hydrochloric 
acid (90 c.c. ), which is added in small portions at a time. The mixture is 

1 Tlie name aniline is derived from an-nil {al-nil), the Arabic for tlie indigo 
plant. 
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not heated, and inuBt be cooled if the reaction becomes too violent. W lien 
all the acid 1ms been added, the flask is left on a water bath until drops 
of oil are no longer visible, and is then cooled until tlie product, aniline, 
stannichloride (p. 387) begins to crystallise ; a cold solution of sodium 
hydroxide (45 g.) in water (about 100 c.c.) is added tjery caution sly y in 
small quantities at a time, the flask being well shaken, and the liberated 
aniline is isolated, as described above. 

Aniline is a poisonous oil, boiling at 184^, and having a faint 
odour, which is common to many amino-compounds ; it is s})aringly 
soluble in water, and ordinary samples turn yellow when exposed 
to light and air, becoming ultimately almost black. Altliough 
neutral to litmus, aniline lias very decided basic properties, and, 
witli acids, it forms soliible salts, sncli as aniline Jrydrocliloride^ 
and tlje r.ither sparingly soluble normal mlphate^ 
former, like the hydrochlorides of 
the aliphatic amines, forms c<nni)lex salts with })latinic and auric 
chlorides ; a moderately concentrated solution of the liydrochloride 
gives with platinic chloride, for example, the plathncliloride^ 
(C(JIr/NH 2 )o)H 2 PtC]f., which is precipitated in yellow plates, 
and is only moderately soluble in water. 

Wiien one drop of aniline is heated with chloroform and 
alcoholic potasli, it yields phenylcarbylamine, a substance readily 
recognised by its extremely disagreeable odour; aniline nuiy also 
be detected by treating its aqueous solution with bleaching-powder 
or sodium bypoclilorite, when an intejise purple colouration is 
produced 

These qualitative reactions, comljined with a determination of the 
boiling-point, are sufficient for the identification of aniline ; if in the 
form of a salt, and tlie boiling-point of the base is not known, aniline 
may be identified wutli the aid of its acetyl- or henzoyl-detivoXi^^ 
{heTizanilide)^ or its t7dbromo-(ieTivB,tivo (p. 393). 

When acid solutions of the salts of aniline are treated with 
nitrous acid in the cold, diazonium-salts (p. 400) sre formed, but 
at higher temperatures, the latter are decomposed, with formation 
of phenol (}>. 425). 

Aniline is very largely employed in tlie manufacture of dyes, 
and in the preparation of a great many other benzene derivatives 
wdiich are described later. 

Acetanilide, CgHr/NH GO CHg, is formed when aniline is treated 
with acetyl chloride or acetic anhydride. 
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The product of the (vij^orous) reaction in treated with cold water, in 
order to extract the aniline hydrochloride or acetate, which in also formed, 
an<l the undissolved acetanilide is then recrystal liscd from boiling water, 

It is conveniently prepar(‘<l by boiling aniline (lOg.) with glacial 
acetic acid (15 g.) on a reflux apparatus during 2-4 hours, when 
the aniline acetate which is first formed is slowly converted into 
acetanilide, with elimination of water, 

CH^COOH - C^Jlr/NH’CO'CIl, + HgO. 

The conversion is not comjdete, because the reaction is reversible, hut 
the acetanilide is easily separated from unchanged aniline acetate and 
purified, in the manner just described. 

Acetanilide crystallises in plates, melts at and is very 

sparingly soluble in cold, but readily so in hot, water ; when heated 
with acids or alkalis, it is hydrolysed, giving aniline and acetic 
acid. It is used in medicine, under the name of antifehrin or 
arefmdliiliuUj for reducing the body-temperature in cases of fever. 

Fonnanllidc^ Cgllg'NII OHO (lu.p. 40°), the anilide of formic 
acid, and oxanillde, CeH 5 *NH*CO*CO*NH'C^H 5 (m.p. 24e^°), the 
anilide of oxalic acid, may be prepared by heating the corre- 
sponding aniline salts ; henzanilide^ Cgllg’jNH'CO’CQH^ (m.p. 163°), 
is easily prepared by tlie Schotten-Bauinann nietliod (p. 453). 

Thiocarbamlide, S:C(NH( '6115)2, or diphenylthio7irea, is prepared by 
passing the vapour of carbon disulphide into aniline, which is heated at 
about 100 °, or by boiling a mixture of the two substances, 

2 C 6 Hr> N Hy ^ CSy = S :C(NH 06115)2 + HoS ; 
it crystallises in colourless plates, melting at 151 °, and is used to hasten 
the vulcanisation of rubber. When it is boiled with concentrated hydro- 
chloric acid, it first yields phmyl isothiocyanate {phenyl mustard oil) 
and aniline, 

S: C(NH •C6H5)., HCl - C6H5N :C8 + C6H5NH2,Ii^Cl, 

and then trijihenylyuanidme, C6H5N:C(NH-C6H5)2 (m.p. 143 °), and other 
products. 

Phenyl isothiocyanate, CflH^'NrCS, obtained as described above, is a 
colourless liquid (b.p. 222 °), with a characteristic disagreeable smell. 
It reacts with alcohols giving phenyl thiourethanes, 

C6H5 N:CS f C2H5 0H.:.C6H5 NH C8 0C2H5, 

and when heated with litharge it yiehU phenyl carbwiide, 

C6H5N:CS -f PhOrrCgHs'N :CO -fPhS. 

Phenyl carbimlde, CgHfl N :CO, usually prepared by heating aniline hydro- 
chloride at about 200°, in a stream of carbonyl chloride, is an unpleasant 
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Rmelliii^' liquid, boilingat 166 “. Ji i« slowly decomposed l»y water, giving 
diphenyhiveay 

20^11, N : CO 4 HoO = (CeH., NH)oCO + COg, 

and is used for the cliaiacfcerisation of alcohols and amines (primary ami 
secondary), with which it yields (crystalline) phenylurethanes and 
phenylurea derivatives respectively, 

N : CO 4- Cyi.'OH - ( (X) UC.H,, 

Cgll, N : CO 4 K^N II = CgHft N 1 1 CO N R,. 

Halogen Suhditation Products of An iline.~ -A\\\\\iw. and, in fact, 
most aniinocompounds are much more readily attacked by 
halogens than are the Ijydrocarbons. When aniline, for exfiinple, 
is treated witli an excess of chlorine- or bromine* water, it is 
at once converted iijto Iriclilorooniliuey C,.H^Cl;^'Nn^ (m.p. 77^'), 
or ir throw oanillne, CrtHgBrg'NIIo (m.p. 119'^); both of these 
compounds contain the halogen atoms in the 2;4:6-positions 
and their salts are completely hydiolysed by water. 

The 0 - and 'p-chlo7vamlineSy Cq.H^Cl’jNHg, may be prepared by 
passing chlorine into acetanilide, the p-derivative being obtained 
ill the larger quantity. The two isomerides are first separated by 
crystallisation, and are then decomposed by boiling alkalis or acids, 

C.H^CI NH CO CH, -f H 2 O - C«H,C1 + CH 3 COOH. 

The elFect of introducing an acetyl radical into the ainino-group, 
and thus protecting or blocking the latter, is to make the aniline 
less reactive; acetanilide, in fact, behaves towards halogens more 
like benzene than like aniline, but is more reactive than tlie former. 

m-Chloroaniline is most conveniently prepared by tlie reduction 
of m-chloronitrobcnzene, (a substance which is formed 

by chlorinating nitrobenzene in the presence of antimony). 
O-Ohloroamlme and m-chloroaniiine boil at 207"^ and 230'^ re- 
spectively ; 'p-chloroanUine melts at 70*^ and boils at 230". 

The nitroanilines, CgH4(N02)‘NH2, cannot be prepared by 
nitrating aniline, because the base undergoes oxidation and other 
complex changes occur ; when, however, the amino-group is 
^protected'’ or ^ blocked^ hy the introduction of an acetyl radical 
(see above), nitration takes place in a normal manner; the acetyl 
derivatives of o- and "p-ndroaniline wdncli are formed, are separated, 
and tlien converted into the corresponding nitroanilines by 
hydrolysis with diluted hydrochloric acid. 
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m-Nitroanilme is coiivenieutly prepared hy tlie partial reduction 
of m-diiiitrohenzeiie with aminoiiiiini sulphide (p. 387). 

m-Dinitrohenzene (2 parts), alcoliol (6 parts), and strong amTnoiiiiiiii 
hydroxide solution (1 part) are placed in a tJasK, and hydrogen sulphide 
is passed into the liquid, which, later on, is wanned from time to time. 
The dinitrobeiizene gradually disappears and sulphur is deposited. The 
contents of the flask are tested at intervals, in order to ascertain when 
the stieani of hydrogen sulphide sliould he stopped. For this purpose 
a small cjuantity of the solution and a portion of the deposit are 
evaporated togetlier in a basin on tlie water hath, and the residue is 
treated witli cold dilute hydrochloric acid, wliicli dissolves m-nitroaniline 
(in the form of its hydrochloride), hut not <linitrohenzene or sulphur; 
the residue insolul>)e in dilute acid is then extractetl with a little boiling 
alcoliol, and the liltered solution is tieated with water (or evaporated), 
in order to prove t he presence or absence of m dinitrobenzene (sulphur is 
only very sparingly soluble in alcohol). AVhen the tost poition gives a 
satisfactory result, the m-nitroaniline is extracted from the whole of the 
product in the manner just descrihed, the acid solution is t reated Avith 
excess of caustic soda, and the precipitated base is juirilied by recrystall- 
isation from boiling water or very dilute aqueous alcohol. 

O-Nitroanilim melts at 71°, m- at lid"*, and p- at 147°; they 
are all sparingly soluble in cold water, readily in alcohol, and on 
reduction they yield the corresjmnding o-, m-, and 'g-plienylene- 
diainines (p, 395), 

h; + + 211,0. 

flornologiies of Aniline. — I'lie toluidiues or arnino-toluenes, 
0 ^ 114 ( 0 Tig) 'NHj,, may be prepared hy reducing the correspond- 
ing 0-, m-, and p-nitrotolnenes (p. 385), with iron or tin, and 
hydrochloric acid, as descrihed in the case of the pre})aration of 
aniline from nitrobenzene ; the 0 - and p compounds may also be 
obtained from methylaniline (p. 396). Both o- and m toluidine are 
oils, boiling at 199° and 203° respectively, but )^4uLuidin€ is 
crystalline, and melts at 45°, boiling at 200°. 

The O', m-, and 'p-acctotoluidte, CH 3 ‘C, 5 H 4 ']SH*CO*CH 8 , melt at 
110°, 65°, and 145° respectively, the corresponding henzotoluides^ 
CHa'CgH^'NH 'CO C^Hn, at 131°, 125°, ami 158° respectively. These 
compounds may serve for the identification of the bases (compare p. 452). 

When treated with nitrous acid, the toluidinos yield diazonium- 
salts, from which the correspofiding cresols, Ct}H 4 (CTTg)‘()H, may be 
obtained (p. 385), and in all other reactions they shoAv the greatest 
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similarity to aniline ; o- and p-toluidine are employed in the 
manufacture of dyes. 

The Diaminobenzenes or phenylenediaifinnes, are 

obtained by the reduction of the corresponding^ dinitrobenzenes, 
or the nitroanilines, and a general description of their properties 
has been given (p. 389) ; commercial prejmrations often undergo 
atmospheric oxidation and turn brown. o-Jdienylenedi amine nudts 
at 102"^, the m- and p-com pounds at 63“ and 147“ respectively. 
m-Phenylenedimiint^ gives an intense yellow colouration witli a 
trace of nitrous acid, and is employed in water-analysis for t})e 
detection and estimation of nitrites ; both the m- and p-compounds 
are employed in the manufacture of dyes. 

Alkylanilines. 

.Tliose derivatives of the amino-comjmunds, obtained by dis- 
placing one or both of the hydrogen atoms of the'amino-gronp by 
alkyl radicals, are substances of considerable importance, and are 
usually known as alkylanilines. Tliey are obtained l)y treating 
the amino-compounds with the alkyl halides, tlje reactions l)eii)g 
analogous to those wliich occur in tlie formation of secondary, 
and tertiary, from primary, aliphatic amines (p. 196), 

CelTs-^^II^ + KCl = C,ir,-NHR, HCl, 

CelTs-NHR-f RG1 = G^H5-NR2, HGl. 

Instead of an alkyl lialide, a mixture of an alcoliol and an acid may 
he used, provided that a liigh temperature is employed ; methyl- 
and dimethyl aniline^ for example, are prepared, oir the large scale, 
by heating aniline with methyl alcohol and a little sulphuric acid 
at about 230“ under pressure, whereas ethyl- and diethyl aniline 
are manufactured in a similar manner, using hydrochloric acid 
and ethyl alcohol (1 or 2 mols.), 

HCl + C2lR;01T = C,li, NH(G.H 5 ), HGl + 11.0, 
G,1T, NH 2 ,“ HGl + 2 G 2 H 5 OH - CgH^ N(G 2 li,) 2 , IIGI + 2 H 2 O. 

In these reactions tlie alcohol is first converted into an alkyl hydro- 
gen sulphate, or an alkyl halide, whicli then reacts with the base. 

Since methyl- and dimethyl-aniline cannot be separated by fractional 
distillation, the latter is prepared as described above, using an excess of 
methyl alcohol, whereas the former is more conveniently obtained l»y 
running aniline and formalin separately into a vessel containing ivarm 
caustic soda and zinc dust ; condensation occurs giving complex com- 
pounds, ['-CH 2 'N(CcHb)-]», which are then reduced mainly to methylaniline. 
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These mono- and di-alkyl derivatives are somewhat stronger 
bases than the aTnino-coinpoimds from which they are formed, and 
are, in fact, similar in many important respects to the secondary 
and tertiary alipliatic amines respectively ; they may be regarded 
as derived from the primary and secondary aliphatic amines 
respectively, by the substitution of a phenyl-groiip for a hydrogen 
atom, just as the secondary and tertiary aliphatic amines are 
obtained by the displacement of hydrogen atoms by alkyl- 
groups. Methylaniline, for example, is also phimtjlmetliylamine^ 
and its properties are those of an aryl-substitution product of 
methylamine. 

The mono-alkylaiiilines, like secondary aliphatic amines, are 
converted into pale-yellow on treatment with nitrous 

acid, 

C -f TK ) NO - C,.H,-N(N( Ij-CHg -f H/). 

Thes (3 nitroso amines give Liebermami’s nitroso-reaction (pp. 196, 
f24), and on reduction they yield a hydrazine derivative, 

(JJ I,;N(N0)C]J3 -f- 4 ir - C«lI,*N(NH,)*Cir3 + II/), 
or are decomposed into ammonia and the alkylanilines from wliich 
they were derived, 

C/r5-N(NO)CIT3 -1- eir - CoH^-NH-CHg + NHg 4- IlgO. 

When the hydrochloride of an alkylaniline, such as methyl' 
aniline or diinethylaniline^ is heated at 280-300°, the alkyl- 
group leaves the nitrogen atom and displaces hydrogen from 
the nucleus. 


CglL/NlI CHg, HCl 

Methylaniline Hydrochloride. 


P TT 

” HCl 

n-Toluidine Hydrochloride. 


Ill the case of dimotliylaniline the change takes place in two 
stages, wliich may be represented as follows : 

C„H,-N(CH3), - C„H3/cH,(2) 

DimethylaniUne. Methyl-jri-tolukiine. Xylidino. 

In the first iaomerie change, the alkyl-group displaces hydrogen 
from the para-, and also froin the ortho-position to tlie amino-group, 
but principally the former. 

Methylaniline, C^jHg’J^H’CHg, prepared as described above, is 
a colourless liquid, which boih at 194°, and has more strongly 
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marked basic properties than aniline. On the addition of sodium 
nitrite to its suliitioii in excess of hydrochloric acid, 
nitrosoaniiney C^H^‘N(NO)*CH 3 , is formed, and as this compound 
is non-hasic it separates, as a lij^diL-yellow oil. 


Methylacetanilide, (tlie acetyl derivative of 

rnethylaniline), melts at 102'\ and methylbenzunUide or henzoylmethyl 
awiliyie^ 'yhlg, at 03°. 


Ethylaniline, hoils at 206°. 

DimethylanUine, 0^5Hr/N(CH3).„ the preparation of wddch has 
been given above, is a colourless, strongly basic oil, which Imils 
at 192°; it is largely used in the manufacture of dyes. 

Diethylaniline, 0^.11 boils at 216°. 

The r7^-alkyIanililles, such as dimethyJaniiine, C^JI,/K(CIl 3 )o, 
react very readily with nitrous acid (a behaviour wliich is not 
shown by tertiary aliphatic amines), intensely green nitroso-coni 
pounds {not mtvo^oamines) Ijeing formed, the -NO group disjdac- 
ing hydrogen of the nuclens from the p-position to the nitrogen 
atom. These substances do not give Liebermann’s nitroso-reaction, 
and wlien reduced they yield derivatives of p-phenylenediamine, 




NO 

p-Nitrosodimethylaniline, , is prepared by treat- 

JN (O Hg)^ 

ing dimethylaniliiie hydrochloride with nitrous acid. 


Diinethylaniline (1 part) is di.ssolved in water (5 parts) and concen- 
trated hydrochloric acid (2 5 parts), and to the ivell-cootcd solution the 
theoretical quantity of sodium nitrite, dissolved in a little water, is 
slowly added. The yellow crystalline precipitate of niirosodimethyl' 
aniiine hydrochloHdt is separated hy liltration, dissolved in water, and 
decomposed with sodium carbonate ; the free base is extracted with, and 
crystallised from, ether. 


It crystallises from ether in dark-green plates, melts at 85°, 
and is used for tlie manufacture of various dyes. Wlien reduced 
with zinc and liydrochloric acid it is converted into dimethyl-'p- 
pkmylenediamine (see above), and when boiled with caustic 
soda it is decomposed into dimetbylamine and "p-nitrosopTienol or 
qutnone monoxime (compare p. 446), 
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The latter reaction, which is shown by the iiitroso-coinpounds 
of all tertiary aromatic amines, is useful for the preparation of 
secondary aliphatic amines (compare p. 212), especially diethyl- 
amine. 

Tetryl, C,,H 2 (N 02 ) 3 *N(CH 3 )*NOy, is a tetranitro-derivative of mono 
metliylaniline, produced hy the onerj'elic nitration of dimethylaniline. 
Jfc is insoluiile in water, melts at 127'", and is used as a detonating agent ; 
with boiling alkalis it gives inethylamine and picric acid (p. 427). 
Tetranitroanilinc, C,jH{N()y) 4 *NH., [4NOo-- 2:3:4:6], prepared from m- 
nitroaniline in a similar manner, is also used as an explosive and in 
detonators. 

Diphenijl amine, and Triplienylaniine. 

Tlio liydrogen atoms of the amino-grotip in aniline may also 
be displaced hy phenyl radicals, the compounds di})] leny (amine y 
(C^jHr,) 2 NH, and i rij then yl amine y (CjjHr,)yN, being produced. 

These substances can he obtained by beating aniline witli bromo- 
or iodo-benzene, but only if some catalyst (copper or bronze) is 
employed. 

Diphenylamine, (QH;^).,^!!, is prepared commercially by heat> 
ing aniline hydrochloride with aniline at about 200°, in closed 
vessels, 

C^IIgNHg^Cl + CoHg-NHs = (CeH,)2NlI + NE^Cl. 

It is crystalline, melts at OI"", boils at 302°, and is practically 
insoluble in water. It is only a feeble base, and its salts are 
decomposed by water; hence diphenylamine, unlike the great 
majority of bases, is not readily soluble in dilute mineral acids. 
Its solution in concentrated sulphuric acid gives, with a trace of 
nitric acid, an intense blue colouration, and, therefore, serves as 
a very delicate test for nitric acid or nitrates. Diphenylamine 
is used in the manufacture of dyes; also for experiments in which 
a constant high temperature is required, as, for example, in the 
determination of the vapour density of substances of high boiling- 
point by Y. Meyer’s method. 

When treated with potassium, diphenylamine yields a solid potassium 
derivative, (CgHg) 2 NK, the pi-esence of the two phenyl-groups imparting 
to the >NH group an acidic character. 

Triphenylamine, (CgHjljN, may be prepared by heating potassium 
diphenylamine with bromobenzene at SCO'', 

{C«H,) 2 NK + CeHjBr^: + KBr 
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or by beating diphenylaiiiine with iodobeiizene in the presence of copper. 
It is a colourless, crystalline .substance, melts at 127", and does not 
combine with acids, or with alkyl halides. 

A romatic Amines. 

The aromatic amiiio-componnds, in which the aniiiio-group is 
united with carbon of the side-chain, are of far less importance 
than those in which the amino-group is united with carbon 
of the nucleus, and, as will be seen from the following example, 
they closely resemble the aliphatic amines in chemical properties. 

Benzylamine, may be obtained by reducing 

phenyl cyanide (benzonitrile, ]>. 453) or benzaldoxime (p. 439), 

+ 4JT == 

C^H,CH:N()H -f 411 - -t- HgO, 

by treating the amide of plienylacetic acid (p. 462) with bromine 
and potash, 

CoH 5 CH2 CTJ NH.^4 Br.,^ 4K0H-(’«^5•CH./NIT-h2KBr+K^^C03+2^U), 
and by heating Ixuizyl chloride Avitli alcoholic ammonia, 

C,H, CH./J1 -f NII 3 = C^Ih/Cli/NIl,, HCl. 

All these methods are similar to tliose employed in the prepara- 
tion of primary aliphatic amines (pp. 211 - 212 ). 

Betizylamine is a colourless, pungent-smelling liquid, boiling at 
184°; it closely resembles the aliphatic amines in nearly all 
respects, and differs from the amino-compounds (aniline, toluidinc, 
&c.) in being strongly basic, alkaline to litmus, and readily soluble 
in water. Like aniline and other primary amines, it gives the 
carbylamine reaction, but when solutions of its salts are treated 
with nitrous acid, it is converted into the corresponding alcohol 
(benzyl alcohol, p. 435), and not into a diazonium-salt. 

Secondary and tertiary aromatic amines are formed when a primary 
amine is heated with an aromatic halogen compound, containing the 
halogen in the side chain ; when, for example, benzylamine is heated 
with benzyl chloride, both dibenzylamme and tribenzylamine are pro- 
duced, just as diethylaniine and trietbylamine are obtained when 
ethylamine is heated Avith ethyl bromide, 

C^Hs'CHaCl = (C6H, CH2)2NH, HCl, 
(CeH^-CHabNH -f O^Hb CH^CI = (CeH^ CHobN , HCl. 

When, therefore, benzyl chloride is heated Avith alcoholic ammonia, the 
product contains all thi ee amines and some quaternary base. 

Org. 27 
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CHAPTER XXVII. 

DIAZONIUM-SALTS AND RELATED COMPOUNDS. 

It has already been stated that when the aniino-conipounds, in 
the form of their salts, are treated with nitrous acid in tvarni 
aqueous solution, they yield phenols ; when, however, a iveH- 
cooledy dilute solution of aniline hydrochloride is treated witli 
nitrons acid, phenol is not produced, and the solution contains 
an unstable substance called plienyhliazommn chloride {diazohenzene 
chloride), the formation of which may be expressed by the 
equation, 

CoH, NH,,HCl + - C^jH.'N^Cl -f 211^0. 

In this respect, then, aniline, and all those amino compounds 
which contain the amino-group directly united with carbon of 
the nucleus, diiler from other primary amines ; the latter are 
at once converted into alcohols by nitrous acid in the cold, 
whereas the former are first transformed into diazoniiim-salts, 
which, usually only at liigher temperatures, decompose more or 
less readily, with formation of phenols (p. 421). 

The diazo- or diazo7numsd\ts^ were discovered in 1858 by 
P. Griess, and may be regarded as salts of plienyldiazonium 
hydroxide, and its derivatives. 

The bases or hydroxides from which these salts are derived are only 
known in aqueous solution ; they cannot he isolated, because they 
immediately change into highly explosive, very unstable products which 
seem to be their anhydrides. 

The diazoniiim- (or diazo-) salts may be isolated without much 
difficulty, and are colourless, crystalline compounds, very readily 
soluble in water ; in the dry state, most of them are highly 
explosive, and should be bandied only with the greatest caution. 

Diazoiiium-salts may be obtained in crystals by treating a well -cooled 
solution of an ainino-coinpound in alcohol or acetic acid with amyl nitrite 
and a mineral acid, so far os possible in the absence of water, 

CeH5*NH3,HCl -f O NO = NaCl + C^HnOH -1- HeO. 

Phenyldiazonium sulphate, OgHfl-N 2 '80414, example, is prepared 

aa follows: Aniline (5g.) is dissolved in anhydrous acetic acid (20 g.), 
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concentrated sulphuric acid (5g. ) is added, the solution is cooled 10 20“ 
and pure amyl nitrite (7 g. ) is cautiously dropped into the well agitated 
mixture. As the reaction proceeds, the teiupeiature is lowered to about 
10®, and when all the nitrite has been added, the product is kept during 
5-10 minutes. On the addition of etlier (20 .30 c.c.), phenyldiazonium 
sulphate is precipitated in crystals, which are 8ej>arated, washed with 
alcohol and ether, and dried in the air at ordinary tenipeiatnres. It is 
explosive. 

Amyl nitrite is used instead of sodium nitrite as it is soluble in 
aftetic acid or alcohol and is decomposed hy sulphuric acid giving nitrous 
acid. 

The diazoriiuin-salts are of very great iinpor*aiice in synthetical 
chemistry and in the preparation of dyes, because they undergo 
a number of remarkable reactions; for nearly all purpo.ses for 
which they are required, however, it is quite unnecessary to 
isolate the salts, and tlieir aqueous solutions are directly employed. 

The preparation of a xointion of a diazonium salty therefore, 
is a very common and a very important operation, and is cairied 
out as follows: The amino-compound is dissolved in an excess 
(2J equivalents) of a dilute mineral acid, the solution is cooled 
in ice, and an aqueous solution of sodium or })otassium nitrite 
(1 equivalent) is very slowly abided to it; tliis process is known 
as diazoiisationy and further details are given later (p. 403). 

The more important reactions of the diazonium-salts are the 
following : 

When heated with formic acid, or treated with an alkaline 
solution of sodium stannite, they yield hydrocarhons, 

C^H.-NXl + H'COOH - + Ng -f HCl + CO.,, 

CoHs-NoCl -f Na()H + Sn(ONa)2 - 0^11^ + + Na^SiiO,, + NaCl, 

whereas when warmed with alcohol they give an etlier and a hydro- 
carbon, the proportions of which vary with different diazonium 
compounds, 

"" C.lIs'N.Cl + CgH. OH = C^H.-O’CgH, + Ng + HCl, 

CoH^-NgCl + CgHg-OH - CqUq + N2 + IICl + CHa-CHO ; 
in the decomposition with formic acid or with alcohol, the an- 
hydrous salt must be used. Another method for the conversion 
of a diazonium salt into the corresponding hydrocarbon is given 
later (p. 406). 

When warmed, in aqueous solution, diazonium-salts decompose 
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rapidly, with the evolution of nitrogen and formation of phenols 
(P. 421), 

+ H/) = C^IIg-OH + Nj + 

c«H^(cnJ-N2Ci + n/) = c„H^(CH3)-oii + n“ + iio, 

but if wanned with concentrated halogen acids they give halogen 
compounds, 

),H + H I - 0,H,I 4- N, + H.SO^ ; 

the latter reaction is made use of principally for the prepara- 
tion of iodo-derivatives (p. 403), ])ecause when the other halogen 
acids are used the product contains a large proportion of the 
corresponding phenol. 

The diazonium-salts behave in a very remarkable way when 
they are treated with certain cuprous salts; when, for examjde, 
a solution of phenyldiazonium chloride is warrneil with a solution 
of cuprous chloride in hydrochloric acid, nitrogen is evolved, 
but instead of plienol, chlorobenzene is i)roduced. In this re- 
action the diazonium-salt combines with the cuprous chloride 
to form a brownish additive compound, which is decomposed 
at higher temperatures, 

C JI^-N^Cl, 2CuCl - CJI 5 CI 4 - 4- 2 CuCl. 

If, instead of the chlorides, the corresponding bromides are 
employed, hromol)enzene is produced, 

C,Hji N,Br, 2CuBr - C^UsBr 4- 4 - 2CuBr, 

whereas by msing a solution of potassium cuprous cyanide, a 
cyanide or nitrile is formed (compare p. 454), 

2CuCN =- 4 - N, 4 - CiiCI 4 - CuCN. 

By means of these very important reactions, which were dis- 
covered by Sandrneyer in 1884, it is possible to displace the di- 
azomMir^groupbyCl, Br,(r),CN (and indirectly by -COOH, -CHO, 
and -CHg'NHg, into which the -CNgroiip maybe converted), and by 
other atoms or groups. As the diazonium-salts are readily obtain- 
able from amino-compounds, and the latter from nitro-derivatives, 
Sandrneyer’s reaction is very much used in the preparation of 
halogen, cyanogen, and other derivatives of aromatic compounds 
in general. 

It will be seen from the above statements that the preparation 

1 Tlie use of a cuprous salt is unnecessary in the displacement of the diazonium- 
group by iodine (compare p. 376). 
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of such derivatives from the am iiio-coin pound involves two 
distinct reactions : firstly, the preparation of a solution of tlie 
diazouiurn salt ; and, secondly, the decomposition of this salt 
in a suitable manner. 

As an example of the method employed in preparing a solution of 
the diazonium-Balt, tlie following may serve: Aniline (lOg. ) is dis- 
solved in a mixture of concentrated hydrochloric acid (sp. gr. 1 17, 
2d g.) and water (about 75 g.), and the solution is cooled hy iinriiersing it 
ill coarscdy powdered ice ; when the temperature has fallen to about 5°, 
an aqueous solution of sodium nitrite (7*5 g.) is slowly run in from a 
tap-funnel, the solution being stirred constantly and the ternpeiature 
kept below 10°. The solution now contains phcnyhliazoniimi chloride ; 
\f sulphuric had been used instead of hydrochloric acid, phenyldicizonivm 
snii>hatc, C,jlh*Na*lS() 4 H, would have been formed. The aniline is said 
to be diazotiscd ; diazotisation is com}dete when the solution contains 
free nitrous acid (as shown hy potassium iodide paper) after it has been 
stirred well and left for a short time. The formation of a coloured pre- 
cipitate at any stage indicates that insulKcicnt acid is present, the 
preci])itate being diazoaminobenzene (p. 408). 

If, now, tlie solution of the diazonium-salt is warmed tdvnc nitrogen 
is evolved and idieiiol is juoduced ; if treated with potassium iodide, 
ioilobenzene is formed. If it is treated witli a cold solution of cuprous 
chloride in hydrochloric acid, chlorobenzene is produced (p. 376), wliereas 
with an aqueous solution of jiotassiurn cuprous cyanide, cyanohenzene is 
formed (p. 453). In all these cases the final product is usually separated 
hy distillation in steam. 

(4attermann has shown that in many cases the decomposition of the 
diazonium salts may be brought about hy adding copper powder (pre- 
pared by the action of zinc-dust on a solution of coi)per sulphate) to the 
cold Kcidi solution of the salt; when, for example, a solution of phenyl- 
diazonium chloride is treated in this way, nitrogen is evolved and chloro- 
benzene is produced, the reaction being complete in about half an hour. 

The diazonium-salts react with phenols (p. 420) in alkaline 
solution and with salts of tertiary aromatic amines (p. 409) giving 
highly coloured azo-com pounds, many of which are used in the 
dyeing industry; when, for example, a solution of a phenyl- 
diazonium-salt is added to an alkaline solution of ^-iiaphthol 
(p. 485) a scarlet precipitate is formed, 

C 6 H 5 •N 2 •S 04 H-^C,,H 7 •ONa = C6H5•N:N*CV^8•0H-hNaHSO4. 

This reaction is often used to prove that a given substance is a 
primary aromatic amino-compound ; the substance is treated with 
sodium nitrite in acid solution and the product is added to a solution 
of /?-naphthol in an excess of alkali. 
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The precipitate is not appreciably soluble in alkalis, and for this and 
other reasons it iiinsl be regarded as an isomeride, C(;H 5 NH’N:CioH6:0, 
of the benzene-azo-/i?-naphtliol shown on p. 403. 

Tlie (liazoniuin-salts also serve for the preparation of an 
important class of compounds known as the Jiydrardnes \ these 
substances are obtained by reducing the diazoniuin salts witli 
stannous chloride and hydrochloric acid or some other suitable 
reagent (p. 405), 

RN 2 CI + 4 H - RNHNll^JICl. 

DiazoniuMi Chloride. Hydrazine Hydrochloride. 

The following scheme summarises some of the principal uses of 
tlie diazoniuin -salts and some general reactions of the aromatic 
compounds ; it should be noted that although benzene is shown 
here as the parent substance, toluene and other aromatic hydro- 
carbons (such as naplithalene, p. 475) would undergo similar 
transformations : 


CfiHfi — OfiUs NO.. — ^ CfiBa-NHa --h. — C6H5-NU*NH2 — 

(pp. 401,406) Saiidraeyor reactions HI I 


mtl ^-NapMhol 


Cjl 


£ 


i 'i i 

CgHftCl CgHsBr CgHs-CN CgH.,! 

I 

Ilydrojyais 

4' 

CeHsCOOH 




C,iH6CHO(p.438) CtiHs’CHiiNHa 


4 4 

CfiHs'OH CfiH5-N2CjoB«-OH 
Il^educUon 

4 , 


Constitution of Diazonium- Salts . — The state of combination of 
the two nitrogen atoms and of the acid radical in diazonium-salts 
has formed the subject of much discussion, and for a long time 
the view first expressed by Kekul^. (1866), that such salts have the 
constitution, CgHg’NiNX (where X = C1, Br, I, NOj^, HSO 4 , &c.), 
was generally adopted. That only one of the two nitrogen atoms 
is directly united to the nucleus is clearly sliown by many facts — 
as, for example, by the conversion of the diazonium-salts into mono- 
halogen derivatives, -wowohydric phenols, &c., and by their conver- 
sion into hydrazines, sucli as on reduction (p. 405). 

That the acid radical is corafeiiied with ..that nitrogen atom 
which is not directly united to the nucleus seems to be proved by 
many reactions of diazonium-salts— as, for example, the follow- 
ing : Phenyldiazonium chloride reacts readily with dimethyl; 
aiiilzne, giving dimothylaminoazohenzene (p, 409), 

^ CeH5N:XCl -f CeH.N.N CeH^NMeg + HCl, 

ah ah 
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and this substance, on reduction, yields aniline and dimetbyl- 
p-phenylenediainine (p. 397), 

ah ah 

These changes are easily explained on the assumption that the 
acid radical is attached to the nitrogen atom 6, \mi apparentlt/ they 
could not take place if the acid radical were united to the nitrogen 
atom a, since, in the latter case, aniline and dimethyl-p-pheiiylene- 
diaminecould not be obtained by the reduction of the original product. 

There is, however, certain important evidence which does not 
accord with the above assumption, but which supports the formula, 
C^JIg'NXiN, suggested by Blomstrand, in which the acid radical 
is united to the nitrogen atom a : the diazonium salts, like those 
of strongly basic hydroxides, are not hydrolysed in aqueous 
solution, but are ionised to an extent comparable with that to 
which the alkali salts are ionised. 

Now, judging from analogy, a hydroxide of the constitution, 
CgH;j-N:N*OH, derived from a salt, CgH 5 ‘N:NX, would be only 
feebly basic (as are the oximes, p. 137, for example), M'hereas a 
compound, C(^Hr,‘N(OH) :N, derived from a salt, C^II^*NX:N, like 
a quaternary ammonium hydroxide, CeH 5 -N{OH)K 3 , would be a 
strong base. 

Since, therefore, certain reactions of the diazonium salts seem 
to establish Kekul^’s formula, whereas other facts are in favour of 
Blomstrand’s, it is concluded that the .salts show tautomerism 
(p. 189), C„H5-N:NX CgHj-KX i N,i 

and react in one or the other form according to the conditions of 
the experiment. 

The diazonium- (or diazo-) group may therefore be represented 
by -NgX, as in most of the formulae already used, without indicat- 
ing further how these atoms are combined with one another. 

The diazonium-salts are often called diazo salts, while phenyl- 
diazonium chloride is termed diazohenzene chloride, and so on. 

Hydrazines and Hydrazone^s. 

Phenylhydrazine, CgHg-NH NHg, a compound of great import- 
ance, is easily prepared by the reduction of phenyidiazonium 

1 The acid radical in this molecule, like that in ammonium salts, is combined 
to the nitrogen atom by an electrovalency (Part III. ). 
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chloride (E. Fischer), usually with stannous chloride and hydro- 
chloric acid or with sulphur dioxide, 

C^H 5 *N,,C 1 4 - 4 H - CgH^ NH NIIg, TICK 

Aniline (9g.) is dissolved in concentrated hydrocliloric acid (170 c.c.), 
and diazotised in the usual way (p. 403) ; to t\\^ well -cooled sohition of 
phenyldiazoniiiin chloride a solution of stannous chloride (SnCl 2 , 2 H./), 
45 g.) in concentrated hydrochloric acid (100 c.c.) is then slowly added. 
The precipitate of phenylhydrazine hydrocldoride is separated on a 
suction-filter, washed with a little concentrated hydiochloric acid, and 
decomposed with an excess of concentrated alkali ; the base is extracted 
with benzene, the extract is dried over solid caustic alkali, and the 
benzene is distilled. The product may then be purified by distillation 
under reduced pressure (b.p. about 140°, 60inni.). 

Phenylhydrazine crystallises in colourless prisms, melts at 20°, 
and boils at 243'', decomposing slightly ; it readily undergoes 
atmospheric oxidation. It is sparingly soluble in cold water, 
freely so in organic liquids ; it is a strong base, and forms well- 
characterised silts, such as the hydrochloride, HCl, 

wliich is readily soluble in hot water ; it reduces Fehling’s solution 
in the cold. Phenylhydrazine is very poisonous ; its vapour 
should not be inhaled and the liquid should not touch the skin. 

The constitution of phenylhydrazine is established by the fact 
that, when heated with zinc-dust and hydrochloric acid, the base 
is decomposed into aniline and ammonia. 

Phenylliydrazine is converted into benzene, with the evolution of 
nitrogen, when it is heated with a solution of copper sulphate or 
ferric chloride, 

C6H5-NH'NH2 + 2CUSO4 + HgO = + Ng 4 - Cu^O 4- 2H2SO4. 

This important reaction may be used in order to change nitro- 
benzene, aniline, or a diazonium-salt into benzene, since all these 
compounds may be transformed into phenylhydrazine by the 
methods already given, 

C*H, NO, - C,H,-NH, - CeH, N,X - CaH,-NH NH, - C«H,. 
Similar transformations may be brought about in the case of 
many corresponding aromatic compounds ; bromonitrobenzene, for 
example, may be thus converted into bromobenzene. Further, 
since the evolution of nitrogen takes place quantitatively when 
a hydrazine is decomposed with a solution of copper sulphate, 
this reaction may be employed for the estimation of hydrazines. 
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Phenylhydrazine reacts readily witli aldehydes and ketonep, 
witli formation of water and a pheiiylhydrmone (hydrazone) ; as 
these compounds are usually sparingly soluhle and often crystallise 
well, they are frequently employed for the identification and 
isolation of aldehydes and ketones (p. 138), 

C^H^-CIK ) + C,U.;NH N1]2.^ + HoO, 

Beuzaldeliyile. 13«nzyli<leneliy(lraz;oT>e. 

Cglls-COCHg + C,.H5Nn-NH2 = ^‘^»>C:N-NHCVHr, + TI,0. 

3 

Acet/OphenoDG. AcotophenonehydrazonG. 

Many hydrazones are decomposed by strong mineral acids, with 
regeneration of the aldehyde or ketone, and formation of a salt 
of phenylhydrazine, 

CJIg CH : N NH C.Hg + H + IICl = CeH, CHO + Nil NH^, HCl ; 
on reduction with zinc-dust and acetic acid, they yield primaiy 
amines, 

cm: N NH 0,11, + 4H - C^.n. CH^ NIO + 

The use of plienylhydrazine for the detection and separation 
of the sugars has already been mentioned (p. 290). 

Various derivatives of phenylhydrazine, such as p-bromo-, 
p-iiitro-, and 2:4-dinitrophenylhydrazine are often used instead 
of the simple compound, as the hydrazones formed from them 
crystallise more readily and are more sparingly soluble than the 
unsubstituted phenylhydrazones. 

In the preparation of a hydrazone a sliglit excess of phenylhydrazine 
is directly added to the aldehyde or ketone, or tlie two substances are 
separately dissolved in dilute acetic acid, and the solutions are mixed. 
Very often a reaction takes place spontaneously and in the first case its 
occurrence is recognised by the <levelopincnt of heat and separation of 
water ; in the case of the dissolved substances, by the separation of an 
oily, or solid, sparingly soluble precipitate. Sometimes the application 
of heat is necessary. The hydrazone is separated, washed with dilute 
acetic acid, and, if a solid, purified by recrystallisation. Plienylhydrazine 
hydrochloride may be used, instead of the free base, in dilute acetic 
acid solution, but an excess of sodium acetate must also be added. 

The occurrence of a reaction, when a neutral substance is treated with 
phenylhydrazine in the above described manner, is a very important 
qualitative test for aldehyde.s and ketones. 

Osazones (p, 290) are prepared by heating a dilute aqueous solution of 
the sugar with an excess of phen 3 ihydraziiie acetate ; after some time 
the osazone begins to .^larate in yellow crystals, and the heating is 
continued until no futher prf^cipitation occurs. 
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Diazoaminch and Azo^Com.pounds, 

Although some of the more characteristic reactions of the 
diazonium-salts have already been mentioned, there are numerous 
other changes of great interest and of great commercial importance 
which these substances undergo. They react readily with primary, 
secondary, and tertiary amino-compounds ; when, for example, 
phenyldiazonium chloride is treated with aniline, diazoamino- 
benzene is formed, 

CJT 5 N/Jl -t- NH 2 C 6 H 5 = -f HCl, 

and this compound, with excess of the diazonium-salt, is con- 
verted into the di-substitution product, (CgHfi’N 2 ) 2 N’CgHg ; a 
secondary base reacts similarly but with one molecule only of the 
diazonium-salt. With tertiary aromatic amino-compounds, sucli 
as dirnethylaniline, diazonium-salts react quite differently and give 
rise to aminoazo-compounds, as shown below. 

Diazoaminobenzene, may be described as a 

typical ^/^n^oa;/^^V^o-com pound ; it is formed by the reaction just 
described. 

It is conveniently prepared by treating aniline hydrochloride (6 mols.) 
with sodium nitrite (about 2 mols.) in very dilute aqueous solution ; a 
part of the aniline is converted into the diazonium-salt, which then reacts 
with the unchanged aniline, as shown above. The precipitate is 
separated, waslied with water, dried and reci ystallised from benzene. 

If the precipitate is left in contact Avith the aqueous solution at .^0-40®, 
it slowly changes into a very dark, pasty or crystalline mass of impure 
aminoazohenzeu e hydrocMoride. 

Diazoaminobenzene forms brilliant yellow needles (m.p. 98°), and 
is sparingly soluble in water, but readily so in alcohol and ether; it 
is only very feebly basic, and does not form stable salts with acids. 

Aminoazobenzene, is formed when 

diazoaminobenzene is wanned with a small quantity of aniline 
hydrochloride at 40°, 

CgTIg-ISr-.NlsrH'C^Hs CgH.NiISfCeH^NHg. 

This remarkable reaction, Avhich is a general one, may be com- 
pared with that which occurs in the transformation of methyl- 
aniline into paratoluidine (p. 396) ; the group, leaves 

the nitrogen atom and migrates to the jwro-position in the nucleuSi 
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Diazoaini nobenzene, p-Aininoazobenzene. 

CH 3 

Metljylaniline. p-Toluidiiie, 

In the diazoainino- transformation the presence of liydrochloric or some 
other strong acid is essential, and the change really takes j>lMce in two 
stages, as follows : 

c«H5N./Nhc«H5+hci-(^«h,n/::i+(.V^ 

C«H,/N/Jl + C«H5 NHo=(.'6Hr> N2 Cr.H4 NH,, HCl. 

That the group, -Ny C^Hs, displaces hydrogen from the p-position to the 
-NHo group is proved by the fact that the amiitoa/.obenzene thus pro- 
duced is converted into joo/Y^i)henylenediamine and aniline, on reduction 
with tin and hydrochloric acid, 

NH.yO,H4 Ny(;«H5 + 4H = NH, tyi, NH,4 

Aniinoazobenzene may also be prepared by nitrating azobenzene 
(p. 410), and then re^lucing with alcoholic aniinoniuni sulphide the 
p-nitroazobenzene, ( which is tlius produced; 
these chaijges are analogous to those wliich occur in tlie fornuition 
of aniline from benzene — and the formation of aininoazohenzene 
in this way proves that it is an amino-derivative of azobenzene. 

Aminoazobenzeno crystallises from alcohol in brilliant orange- 
red plates, and melts at 127^ Its salts are intensely coloured ; 
tlje hydrochloride, HCl, for example, forms 

beautiful steel-blue needles. 

Many other substituted amiiioazo-cornpounds may he obtained 
directly by treating tertiary alkylanilines (p. 397) wdtb diazoniiim- 
salts ; dimetliylaiiiline, for example, reacts with jdienyldiazoninni 
chloride, yielding dimethylaininoazobenzene hydrochloride, 

C.H.-N^Cl + C,H 5 -N(CH 3)3 = C«H 3 -N: N CeU,-N(CH 3 ),, HCl, 

and a diazoamino-compound is not formed as an intermediate 
product, because dimethylaniline does not contain an ]NH< or 
NHg- group. 

In this case also, the diazo-group, CgHs^No-, takes up the p-position 
to the N(CH.{) 2 - group, as is showui by the fact that, on reduction, 
dimethylaminoazohenzene is converted into aniline and dimethyl- 
p-phenylenediamine, the latter being identical with the base which is 
produced by reducing p-nitroBodimethylaniline (p, 397). 
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Diazonium-salts, as previously stated (p. 403), react very readily 
with phenols in alkaline solution, giving /ry(/rar7/n:2o-con)pounds, 
many of which are highly coloured dyes (p. 597). Azo-derivatives 
formed in this way, and by the interaction of diazonium salts 
with tertiary amiiio-coinpounds, &c., in a similar manner are the 
products of wliat is termed a coupling process : coupling is a very 
important operation in the manufacture of azo-dyes. 

Azoxybenzene, C(jH5*N:N(0)Cgll5, may he j^reparcd by heating 
nitrobenzene witli a methyl alcoholic solution of sodium methoxide 
(which gives fornialdehy<le or sodium formate), 

-t- SCIIg-ONa - 2C\ -f aH COOJSTa + SHgO. 

Sodium (1 part) is dissolved in methyl alcohol (25 parts) and nitro- 
benzene (3 parts) is added ; the solution is heated (witli rethix condenser) 
during about 5 hours, the alcohol is distilled, and water added. When 
sufKciently hard the })asty product is pressed on j)orous earthenware, 
left to dry, aud crystallised from light petroleum. 

It forms yellow needles, melting at 36°, and is insoluble in 
water, but readily soluble in most organic liquids. 

The constitution of azoxybenzene was at one time represented bv the 

/ 0 \ 

formula, CgHg'N — N ; it was found, however, that an unsyni- 
metrical azo-compound, H- N = N -R', oxidised witli hydrogen peroxide 
in glacial acetic acid solution, gives structurally isomeric azoxy-com- 
pounds, which therefore must be represented by R’!N(C)):N1I' and 
R*N:N(0)R' respectively, the oxygen and the nitrogen atoms being 
united by a stmi-polar bond (Part III.). 

Azobenzene, may be prepared by heating an 

intimate mixture of azoxybenzene (1 part) and iron filings 
(3 parts). 

The mixture is carefully heated in a small retort, and the solid 
distillate is purified in the same way as the azoxy-wmpound. 

Azobenzene crystallises in brilliant red plates, melts at 68°, and 
distils at 293° ; it is readily soluble in ether and alcohol, but in- 
soluble in water. Alkaline reducing agents, such as ammonium 
sulphide, zinc-dust and caustic soda, &c., convert azobenzene into 
hydrazobenzene (p. 411), whereas a mixture of zinc-dust and acetic 
acid decomposes it, with the formation of aniline, 

C,H,-N:NCeH, -b 4H == 

On oxidation with hydrogen peroxide in glacial acetic acid 
solution it is converted into azoxybenzene. 
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Altliougli azobenzeiie is of little importance many azo-coni' 
pounds are manufactured for use as dye stuffs (p. 597). 

Hydrazobenzene, symmetrical diphenyl- 

hydrazine^ is prepared as above from azobenzene, or directly 
from nitrobenzene by reduction with zinc-dust and alcoholic 
sodium hydroxide. It is a colourless, crystalline substance, 
melting ^t 131'^’; it is readily converted into azobenzene by 
mild oxidising agents such as mercuric oxide, and .slowly even 
when air is passed through its alcoholic solution. When treated 
with strong acids, it undergoes a very remarkable isomeric change 
(the benzidine transformation), and is converted into pp-diamino- 
diphenyl ^ or benzidine^ a ba.se which i.s largely used in the 
preparation of azo-dyes (p. 603), 



Benzidine may be produced in one operation by reducing azo- 
benzene with till and strong hydrochloric acid. It melts at 
127'^ and is very sparingly soluble even in boiling water, but it 
dissolves readily in diluted (1:1) hydrochloric acid; its sulphate 
forms lustrous scales, very sparingly soluble in l)oiling water. 

Other simple azo compounds behave ju.st like azohenzene ; o-azo- 
toluene, CHa-CfjHj-NrN for example, may he converted into 

the corres|)OTiding liydra/.o compound, and (hen, by the henzidine 
transformation, into dvmethylhcnzidine (tolidine), 


(4)NH, 

(aiCFIg 


( 1 ) 0 ) ^ 


NHaW 
CHgIS) * 


N- or /3-Plienymydroxylamine, C«H,r, NH OH (m.p. 82°), is obtained 
wlieii nitrobenzene is cautiously reduced with zinc dust and water in the 
presence of ammonium clilorhlc ; like liydroxyhunine, it i.s a mono-acidic 
base. Its liydrocliloride, treated with sodium nitrite at 0'^ in a(iueoii.s 
solution, gives phenylultrosohydrozylamine, CjjHg NlOlO NO (m.p. 59°), 
the ammonium salt of which is known as cupferron ; this salt forms com- 
pounds with metals (such as copper and iron), which may dilfer very con- 
siderably in .solubility and are therefore very useful in analytical woi k. 

When oxidised with dichromate and dilute sulphuric acid, plienyl- 
hydroxylamineyield.snitrosol>e 2 i 2 ene, CgHg'NO, a crystalline, volatile snb- 

1 The two letters, pp, show that each of the amino-groups is in the para-posi- 
tion to the carbon atom which is directly united to the other phonyl-group. 
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stance, melting at 6S“, whieli, on oxidation, is converted into nitio- 
benzene, and on reduction, into aniline. 

It has been shown that on reduction, nitrobenzene and, indeed, 
any aromatic nitro-coni pound, yields various products according 
to the reducing agent employed, and the conditions under wliich 
the operation is carried out. These clianges may be summarised 
as follows: With acid^ and certain alkaline reducing agents 
(alcoholic ammonium sulphide), nitrobenzene is reduced first to 
nitrosobenzene, I, then to phenylhydroxylamine, II, and finally 
to aniline, III, 

C,1T;N()--.(1I) C,.H, NI[*()H~.(III) C^H,;NI1, ; 
the intermediate compounds, I and II, can only be isolated under 
very special conditions. With alkaline reducing agents, on the 
otlior hand, the plienylhydroxylamine and the nitrosoV)enzene 
react to form azoxybenzene, IV, 

CJI^ NH OII 4- (yt,;M) - (IV) C,H, N:N(0)(\,n, + 1 1,0, 

which may then undergo further reduction successively to azo- 
benzene, V, hydrazobenzene, VI, and finally to aniline, 

(V) CA N:N-C,,n,_.(Vr) 

Many of these reactions may also be carried out by electrolytic 
reduction, the nature of tlie product depending on the experi- 
mental conditions. On the commercial scale azoxybenzene, azo- 
benzene, and hydrazobenzene are all obtained by the graded 
reduction of nitrobenzene with iron borings and caustic soda. 

Diazo-derivatives of Aliphatic Compounds. -A Itlioiigli aliphatic amino- 
compounds cannot he transformed into diazonium salts, corresponding 
with those of the aromatic series, the esters of aliphatic amino-acids 
may he converted into highly reactive diazo-derivatives (Curtin.s). 
When, for example, ethyl aminoacetate, in the form of its hydro- 
chloride, is treated with sodium nitrite in aqueous solution, ethyl diazo- 
cucetate separates as a yellow oil (b p. 143°), 

NH 2 CH., C00Et,HCl -t NaNO^-N^OH -COOEt + NaCl + 2 H 2 O. 
Similar diazo- corn pounds may be ob^ned from the esters of other 
aliphatic amino-acids; most of thenf liave a penetrating odour, and 
explode when they are heated. In spite of their name, these compounds 
are not very closely related to the diazonium-salts, hut, like the latter, 
they are readily decomposed, with the elimination of nitrogen. 

They are transformed into esters of hydroxy-acids when they are 
lioiled with water or dilute acids, 

NgCH COOEt -H HgO = HO -CHg COOEt + Ng, 
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and they give alkyl or acyl derivatives of the hydroxy-esters when they 
are heated with alcohols and organic acids respectively, 

NaCH COOEt -f CH 3 OH = CH 3 O CHa COOEt + Ng, 

NaCH COOEt + CH 3 COOH = CH, CO O CHgCOOEt + Ng. 

They yield esters of dihalogen substituted acids when they are treated 
witl» halogens (even with iodine), and the corresponding inonohalogen 
substitution products with concentrated halogen acids, 

NgC H COOEt + 1.> = CHIg -COOEt + Ng, 

N^CH COOEt HBrrrCHgBr COOEt + N,,. 

Ethyl diazoaeetate gives aniinoacetie acid (glycine) and ammonia M'hen 
it is reduced with zinc-dust and acetic acid, but with ferrous sulphate 
and caustic soda, or with .so<lium amalgam and water, it yields a salt 
of hydraziacetic acid, 

NoCH COO Et H 2H + HgO = NH./N :CH •(X)()H -f CJl, OH ; 
this acid is only stable in the form of its salts, and when the latter arc 
treated with a mineral a<a(l, liydrazine and glyoxylic acid are formed, 

NTL‘N:(HICOOn-hHgO = NIlg-NHg-f CHOCOOU. 

Ethyl diazoacetate is hydrolysed by concentrated caustic soda, but the 
sodium diazoacetate umlergoes polymerisation, giving the sodium salt 
of bis diazoacctic acid^ 

2N.,UH •C( )()Na COC)Na CH<2- >CH COONa ; 

the acid, liberated from this salt, is decomposed by boiling water, 
giving hydrazine and oxalic acid, 

CgH2N4(COOH)g + 4HgO -2Nn./NIL4 2 C.>Hg 04 . 

Tt was in this way tliat hydrazine was first obtained (Curtius and Jay). 

Biazome thane, NglHlg, may be obtained by treating methylur ethane 
(p. 203) with nitrous acid in ethereal solution, and then warming the 
product {nitrosomethylurethane) with caustic potash (T^echmann), 

CII., N(NO) COOEt -h 2K01T -N./Hla + (XH.OH 4 K 2 CO 3 + H/) ; 
it is more easily prepared from t he nitroso-derivative of methylurea, 
CH,,'N(NO) CO-NIL 4 K()H=:NoCH2-fK()C]S+2Il20, 
since this substituted urea is produced by the interaction of inethylamine 
hydrochloride and potassium C 3 oiuate (p. 321), and is converted into its 
nitroso-derivative by nitrous acid in aqueous solution. 

It is a yellow, odourless, very poisonous gas, and like the alijdiatic diazo- 
esters it is very reactive ; although it is hardly attacked by water or by 
methyl alcohol, it reacts with iodine, liydrochloric acid, and hydrogen 
cyanide, with the evolution of nitrogen, giving methylene di-iodide, 
methyl cliloride, and methyl cyanide respectively, and reducing agents 
convert it into methylhydrazmt, NHg-NTI-CHj. Diazomethane is some- 
times used as a methylating agent, instead of methyl iodide or dimethyl 



414 


Diazonium-SaltB and Related Compounds. 


sulphate (p. 179), since it reacts with many coni[)onnd8 containing the 
group, -OH or ^NH, giving -OMe or ^NMe respectively, with the 
evolution of nitrogen ; with aldeliydes it gives ketones, 

H •CHO + 2CHo:N3-=CH., CO CH,-f 2N.., 

CJl. CHO -f CHo:N.=. CfiBg CO Clh, + N.,, 


CHO ^ “ 


co*(;h, 

COCH3 


+ 2N, 


and it converts acids into their methyl esters. Tlie structures of diazo- 
inethane and other aliphatic diazo-coinpoimds are considered in Part HI. 

AzimidO'Compounds or Azides. — Organic derivatives of azoimide (hydra- 
zoic acid) may he obtained from organic <lerivatives of hydrazine, just 
as azoimide itself may he prepared from hydrazine — namely, with tlie aid 
of nitrons acitl. 

Phenyl azide, C^Us Na (phenylazoimide), for c,Kamj)le, is formed when 
sodium nitrite is added to an aqueous solution of phenylliydrazine 
hyd rochloride, 

NH 

OjHs-N H -N li, + HO ■N( ) -=- CeHs-N + H 2( ) .= CbH;,N;, + 


It is also produced by the interaction of i>henylhydrazine and phenyl- 
diazonium suli)hate, 


C,A.NH-Nn, + C,H5*N.yS(Ml-CJl5'N34-(yi5NH2,H^^^ 

or of pheiiyldiazonium sulphate and hydroxylamine. 


CgHj N, 80411 + NHgOH = CcHs-N;, + H,S( >4 -f H/). 


Other azides may he prej)aied by these general reactions, ami also by 
treating aliphatic halides with sodium or silver azide (see below). 

Phenyl azide is a yellow oil, having a very disagreeable and penetrat- 
ing odour ; it may he distilled under greatly reduced pressure, but it 
explodes when it is heated under the ordinary pressure. It is a very 
reactive substance ; when boiled with dilute sulphuric acid it gives 
p-aminopIienoJ , and with hydrochloric acid, p cJiloromiilive, nitrogen 
being evolved in both cases. It combines with the Grignard reagents to 
give products which are readily converted into diazoamino-coinpounds 
(1>. 408), 

C„H 5 -Na + PI. -MsBr - ’N :NPh, 

2'^’j^>NN:NPh + H2O = C«Hr.NH + MaBrOH. 

Methyl azide, CHa’N.,, the simplest compound of this type, may he 
obtained by treating sodium azide (sodium azoimide) with dimethyl 
sulphate ; it boils at 20-21®, and explodes when it is strongly heated. 
When treated with magnesium methyl iodide it gives diazoaminomethane, 
CHa’NrN'NH CHg, a very reactive liquid (h.j). 92®), which is decomposed 
by acids, giving inethylamine, methyl alcohol, and nitrogen. 

Ethyl azidoaoetate, N 3 *CH 2 ‘COOEt, prepared from ethyl chloroacetate 
and sodium azide, azidoaoetic acid, N 3 *OPl 2 COOH, and many other 
aliphatic derivatives of azoimide, are known. 
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CHAPTER XXVIII. 

SULPHONIC ACIDS AND THEIR DERIVATIVES. 

When benzene is heated with concentrated sulpliuric acid it 
gradual]}^ dissolves, and henzenesul phonic acid is formed by tlic 
substitution of tlie 8 ulphonic-^vo\\\>^ or -SOo’OH, for an 

atom of hydrogen, 

+ IISO, - C,jH,-S 03H -f lU). 

The hoinologues of ])enzene, and aromatic compounds in general, 
behave in a similar manner, and this })ioperty of yielding sulj)li- 
onic derivatives, by the displacement of liydrogen of the nncfeu^^ 
is one of the important characteristics of aromatic, as distinct 
from aliphatic compounds. 

The sulphonic acids are 7 iot analogous to the alkylsulphuric 
acids (p. 177 ), which are hydrogen ester^s, but they are related 
to the carboxylic acids, since tliey may be regarded as derived 
from sulphuric acid, 802(011)3, just as the carboxylic acids are 
derived from carbonic acid, 00(011)2 — namely, by the substitu- 
tion of a hydrocarbon radical for one of the hydroxyl-groups of 
the acid : 

Sulphuric acid, S02<1^^^- Carbonic acid, 

* ^^OH ’ OH 

R R 

Sulphonic acid, Carboxylic acid, C( 

*<0H- 

Preparation . — Sulphonic acids are prepared by treating an 
aromatic compound with sulphuric acid, or with anhydrosidphuric 
acid, 

CeH.CH^ + H,SO, = 

+ 11 , 0 , 

C«II« + 2 H,S 0 , = C„H,(S03H) “+ 2 H, 0 . 

The number of hydrogen atoms disj)laced by sulphonic groups 
depends (as in tlie case of nitro-groups) on the temperature, on 
the concentration of the acid, and on the nature of the substance 
undergoing sulphonation 

Org. 
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The substance to be snlphonated is cautiously added to excess of the 
acid, and, if necessary, heat is tiien applied, until the desired cliange is 
complete. After being cooled, the product is carefully poured into 
water, and the acid is isolated, as descril>ed later (p. 417). In the case 
of a substance which is not readily soluble in water or dilute sulphuric 
acid, it is easy to ascertain when its sulphonation is complete by taking 
out a small portion of the mixture and adding water; unless the whole 
is soluble, unchanged substance is still present. 

Sometimes chlorosul phonic acid _j s employed as a sulphonating agent, 
and in such cases chloroform or carbon tetrachloride may be used as a 
solvent to moderate the action ; the product is either the sulphonic acid 
or the sulphonyl cliloride, 

s(yoii)Ci-(^«H,-so3H + nci, 

. S02(0H)C1 =C6H4(CH«)*S0.,C1 4 H,0. 

Sulphonic acids are also prepared by the oxidation of thiophenols 
(p. 434) and mercaptans (p. 119). 

Propmiiei^. — Sulplionic acids, as a rule, are crystalline, readily 
soluble ill water, and often very hygroscopic; they have seldom 
a definite melting-point, and gradually decompose wlion heated, 
so they cannot be distilled. Tiiey have a sour taste, a strongly 
acid reaction, and show, in fact, all the [)roperties of strong acids, 
their basicity depending on tlie number of sulplionic-groups in 
the molecule ; tlieir metallic salts (including tlie barium salts), as 
a rule, are readily soluble in water. 

Althoiigli, generally speaking, the sulphonic acids are very 
stable, and are not decomposed by lioiling aqueous alkalis or 
mineral acids, they undergo certain changes of great importance. 
When fused with alkalis they yield alkali derivatives of phenols 
(p. 421), and when strongly heated witli potassium cyanide, or 
with potassium ferrocyanide, they are converted into cyanides (or 
nitriles, p. 316), which distil, leaving a residue of potassium 
sulphite, 

C 0 H 5 SO 3 X + KCN - C«H,*CN -f K 2 SO 3 . 

The sulphonic-group may also he displaced by hydrogen, by 
strongly heating the acids alone, or with hydrochloric acid, in 
sealed tubes, or by passing superheated steam into the acids, or 
into their solutions in concentrated sulphuric acid. 

The -SOg'OH group of a sulphonic acid may be transformed into 
-'SOgCI, -SOj’NHg, -SOg’OR, &c. by methods similar to those 
used in preparing the corresponding derivatives of a -CO*OH 
group. When, for example, a sulphonic acid (or its alkali salt) 
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is treated with pliosphonis j)eiitac]iloride, the liydrox} 1-groiip is 
displaced by chlorine, and a nulplionyl chloride is obtained, 

cji,-so,*on 4- rci,= c^H,-so,ci + poci, + hci. 

All sulphonic acids behave in this way, and the sulphonyl 
chlorides are of great value, not only because they are often useful 
for the isolation and identilieation of the ill-characterised acids, 
but also because, like the chlorides of the carboxylic acids (acyl 
chlorides), they react readily with many other compounds. 

The sulplionyl chlorides are slowly decomposed by water, more 
rapidly by alkalis, giving the sulphonic acids or their salts ; they 
react with alcoliols at high temperatures, yielding esters sucli as 
ethyl henzenesjilphonate^ 

(V.H, *80,01 + C JI,;( )H - CJP;8().'OG JI , + HCI, 
and wlien shaken witli concentrated ammonia they are converted 
into sulphonainides, which are usually crystalline, have definite 
melting-points, and often serve for the identification of the acids, 
CoH. SG.Cl + NHy - X/NH., 4 HCI. 

They also react with priiiiary and secondary amines, yielding 
substituted sulphonamides, 

R NH, 4 C.H^-HO.Cl -R-NH'SOg C^.H, 4- HCI, 

R,NfT 4- CHg C^jHgSf X^Cl -R,N S( X/Cy igCH^ 4 HCI ; 

the reaction is often carried out in the })resencc of alkali (( ompare 
p. 453), and the product is usually a well-defined crystalline sub- 
stance which serves to identify the amine. Mixtures of amines 
may also be separated wdth the aid of tlieir sulphonyl derivatives 

(l).212). 

The isolation of sulphonic acids is very often a matter of some difficulty, 
because they are readily soluble in water and non-volatile, and cannot 
be extracted from their aqueous solutions with ether, &c., or separated 
from inorganic matter by st(?ani distillation. Tlie first step nsnally 
consists in their separation from the excess of sulphuric acid employed 
in their preparation ; this maybe done in tlie- following manner: The 
aqueous solution of the product of sulplionation (see above) is boile<l 
with excess of barium (or calcium) carbonate, filtered from the precipi- 
tated barium (or calcium) sulphate, and tlie filtrate — which contains 
the barium (or calcium) salt of the sniplionic acid — is treated with sulph- 
uric acid so long as a preeijutste is produced ; an aqueous solution of 
the sulphonic acid is thus obtained, and when the filtered solution is 
evaporated to dryness, the acid remains as a syrup or in a crystalline 
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form. If calcium carbonate has been uaed, tlie acid will contain a little 
calcium salt, wliicli may be got rid of by adding a little alcohol, fillering 
and again evaporating. 

Lead carbonate is sometimes employed in.stead of barium or calcium 
carbonate ; in such cases tbe filtrate from tbe lead siilj)l)ate is treated 
with Iiydrogen sul|)iiide, filtered from lead .sulphide, and then evaporated. 
Tliese methods, of course, are only ai>plic..able provided that the bai iiini, 
calcium, or lead salt of the acid is soluble in water ; in other cases the 
separation is much more troublesome. 

Tlie alkali .salts are easily prei>ared from the barium, calcium, or lead 
salts by trealing the solution of the latt<u' with the alkali carbonate so 
long as a precipitate is produced, lilteriiig from the insoluble carbonate, 
and then ex'aporating. 

When two or more sulphonic aedds are j>resent in the product, they may 
often he separated by the fra<'tioMal crystallisation of tlieir salts ; if ii(»t, 
their sulplionyl (ddorides are pn^pared. These compounds are soluble in 
ether, chloroform, iJcc., may often he distilled (iimbu* reduced })ressuie), 
and sometimes crystallise well, so that they may be isolated by the usual 
methods, ((.'onipare saccharin, p. 455.) 

Benzenesulphonic acid, may be prepared by gently 

boiling a mixture of equal volumes of benzene and concentrated 
sulphuric acid on a sand-batli (reflux condenser) during 20-30 hours. 

The reaction is at an end when all the benzene has disa})peared. The 
calcium (or barium) salt is first isolated, and from the latter the 'potassium 
salt or the free acid may he prepared (see p. 417). 

The acid crystallises with water (1^ mols.) in colourless plates, 
and dissolves freely in alcohol ; wlien fused with alkali it yields 
plienol (p. 425). Bmzenemlplionyl chloride^ C^.TTr/SOj^Cl, melts 
at 14*5®, the mlplionamide, C^^IIr/SOo-NUg, at 150°. Sulphonyl 
chlorides, as a class, have a characteristic odour, but sulphon- 
amides have no smell. 

Benzeiie-77?-disulplioiiic acid, C(;H4(vS 0311)2, is also prepared by 
heating the hydrocarbon with concentrated sulphuric acid, but a 
larger proportion (two volumes) of the acid is employed, and the 
solution is heated more strongly (or anhydrosulphuric acid is 
used) ; when fused with alkalis it yields resorcinol (p. 431). 

The three (o.m.p.) toluenesulphonic acids, C6H4(CH3)*S03H, 
are crystalline, and their barium salts are soluble in water; the 
0 - and p-acids are prepared by sulphonating toluene. p-Toluene- 
sulphonamide, CgH4(CHg)*S02*NH2 (m.p. 137°), is prepared from 
the sulphonyl chloride (m.p. 69°), which is a by-product in the manu- 
facture of saccharin (p. 455) ; with a solution of sodium hypochlorite 
and sodium hydroxide it givesa salt, CeH4(CHg)*S02‘NNaCl, known 
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?i^chloraminG-T^ wliicli is a very important antiseptic, used principally 
for the dressing of wounds. 

Sulphanilic acid, C^jIl4(NH2)'S()j^li (arninobenzene p sulplionic 
acid, or aniline-p-sulplioiiic acid), is easily prepared ])y heating 
aniline hydrogen sulphate at about 200'’ for some time. 

A sliglit excess of tlie theoretical quantity of Riilpliui ic acid is slowly 
added to aniline, contained in a porcelain hasin, and the mixture is 
constantly stirred as it hecoines soli<l ; the basin is then cautiously 
heated on a sand-bath, the contents being stirred, and rare being taken 
to i)revent charring. The process is at an end as soon a small portion 
of the product, dissolved in water, gives no oily precipitate of aniline on 
the addition of excess of alkali. When it has cooled, a little water 
is added to tlie product, and the sparingly soluble sulphonic acid is 
separated l)y filtration, and ])niilie<l by lecrystallisation from boiling 
water, with the addition of animal charcoal if necessary. 

Sul[)lianilic acid crystallises with w'ater (1 or 2 mols.), and is 
readily soluble in liot, but only sparingly so in cold, water. It 
forms salts witli bases, but it does not combine with acids ; in this 
respect, tlierefore, it diflers from glycine (p. 202), which forms salts 
both with acids and bases. Heated strongly witli soda-lime it gives 
aniline, tlie sulphonic group being displaced by hydrogen, and not 
])y -ONa, as is usually the case (p. 416) ; its diazonium derivative 
couples with dimethylaiiiline giving helianthin (p. 601). 

Sulphanilamide, C(3H4(N M2)*S02*NI Ig (p-aminobenzenesulphon- 
arnide, or prontosil^ is prepared by sulphonating acetanilide with 
clilorosiilphonic acid, treating the product with ammonia, and then 
displacing the acetyl group by hydrolysis, 

CgHg-NHAc C(,H 4 (NHAc) S02C1 — ► C«H4(NHAc)-SO.>']Sr|l2 CflH4(NH2)-S02-NH2. 

It is very sparingly soluble in water and is of great importance 
in medicine ; more than 200 of its derivatives, many of which, such 

prontosil ruhrum, XIl2*S02‘CgH4*N:N*C^jH3(NH2)2, are azo-com- 
pounds, have been pre[)ared for the investigation of their therapeutic 
properties. Prontosil kills streptococci and is of immense value in 
cases of puerperal fever and septicaemia (blood-poisoning) ; its 2- 
pyridyl derivative, CeH4(NH2)*S02*NH-C,H4N (M and B 693), is 
highly beneficial in pneumonia and spotted fever. 

Am.inohtnztne~m- sulphonic acid {metanilic acid) may be obtained by re- 
ducing m-nitrobenzenesulphonic acid, C0H4(NO2)*SO3H, which is formed by 
nitrating benzenesulphonic acid or sulphonating nitrobenzene. 

Many other sulphonic acids are described later. 
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CHAPTER XXIX. 

PHENOLS. 

The hydi'oxy-coinpoiinds of the aromatic series, such as phenol 
or hijdrox\j-henzme^ the cresols or hydroxy -toluenes^ 

C^jH^(Cn3)*OH, and benzyl alcohol^ are derived 

from the aromatic hydrocarbons ])y tlie substitution of Ijydroxyl- 
groups for atoms of liydrogen, just as the aliphatic alcohols are 
derived from the paraffins. It will be seen, however, from tlie 
examples just given, that, whereas in the ca^se of benzene, hydrogen 
atoms of the nucleus must necessarily be displaced, in that of 
toluene and ail the higher honiologues this is not so, since tlie 
hydr()xyl-groui)S may displace liydrogen either of the iiuchma or of 
the side-chain. Now the hydroxy -derivatives of benzene, and all 
those aromatic hydroxy-compounds formed by the substitution of 
hydroxyl-groups for hydrogen atoms of the nucleus^ differ in many 
respects, not only from aliphatic alcohols, but also from those 
aromatic compounds, which contain the hydroxyl-group in the 
side-chain; it is convenient, therefore, to make some distinction 
between tlie two kinds of aromatic hydroxy compounds, and for 
this reason they are classed in two groups, (a) the phenols, and 
{h) tlie aromatic alcohols (p. 435 ), 

The phenols are those hydroxy-compounds in which the 
hydroxyl-groups are united directly with carbon of the nucleus ; 
they may be subdivided into monoliydric, dihydric, trihydric 
phenols, <fec., according to the number of hydroxyl-groups which 
they contain. Phenol^ or carbolic acid^ C^Hr/OH, for example, is 
a monoliydric phenol, as are also the three isomeric cresols or 
hydroxy toluenes^ CgH4(CH3)OH ; the three isomeric dihydroxy- 
benzenes^ CgH4(OH)2, on the other hand, are dihydric phenols, 
whereas phloroghicinol^ CgH3(OH)3, is an example of a trihydric 
compound. 

Many of the phenols are easily obtainable, well-known com- 
pounds ; phenol and the cresols are prepared from coal-tar in large 
quantities ; carvacrol and thymol occur in various plants ; and 
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catechol, pyrogallol, &c. may be obtained by the destructive 
distillation of certain vegetable products. 

\ Preparation , — Phenols may be prepared by treating salts of 
amino-compounds with nitrous acid in aqueous solution, and then 
heating the solutions until nitrogen ceases to be evolved, 

C.Hs'NHo^Cl + HO-NO - CeH^'OII + + H ,0 4- HCl, 

+ HO-NO - + N, + H^O + HCl. 

It is possible, therefore, to prepare phenols, not only fiorii the 
amino-compounds themselves, but also indirectly from the corre- 
sponding nitro-derivatives and from the hydrocarbons, since these 
substances may be converted into amino-compounds, 

CA ^ G«H,-N 0 , C«H,-NH 2 CA-OH. 

Uenzeue. Nitrobenzene. Aminobcnzene. Plienol. 

The conversion of an aniino-coinpound into a phenol really takes 
place in two stages, as already explained (p. 400) ; at low tempera' 
tures the salt of the amino-compound is transformed into a 
diazonium-salt, but the latter decomposes when its aqueous solu- 
tion is heated, yielding a phenol, 

C,H^-NH 2 ,HC 1 -f HCl + KNO2 = CeH 5 ’N 2 Cl + KCl -f 2H2O, 
C6H5 N2CI 4- H2O - CeHg-OH 4- HCl 4 - N2. 

The amino compound, aniline, for example, is dissolved in dilute 
hydrochloric acid or suljihuric acid, and diazotised in the manner already 
described (p. 403). The solution of the diazonium-salt is then gradually 
heated to boiling (reflux condenser) until the evolution of nitrogen (which 
at first causes a brisk eftervescence) is at an end ; the phenol is after- 
wards separated from the tarry matter, Avhich is almost invariably 
produced, by distillation in steam if possible. In other cases the jihenol 
is extracted with a suitable solvent, and the solution is shaken with 
caustic alkali, which dissolves out the phenol, leaving most of the 
impurities in the organic solvent ; an excess of an acid is then added 
and the liberated i)lienol is isolated by the usual methods. 

Dihydric phenols may also be prepared from the inoiiohydric 
compounds by a corresponding series of changes, 

C,H,-0H CeH,<oJ 

rUenol. Nitropheiiol. Aminophenol. Djazonium-SaU. Dihydric Phenol. 

Another important general method for the preparation of 
phenols consists in fusing a salt of a sulphoiiic acid with a caustic 
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alkali and then liberating the phenol witli a mineral acid ; in 
this case, also, their preparation fioni the hydrocarbons is often 
easily accomplished, since the latter are usually converted into 
snlphonic acids without difficulty, 

CeH.SO^K + 2KOH ^ CyT.OK + K.ROg + H 2 O, 




/CH3 

^SO-^Na 


CH„ 


+ 2NaOH = + Na,,S 03 + 11,0. 


The alkali salt of the sulplioiiic aciti is ])lace(I in an iron — or, better, 
nickel or silver — basin, ^ togetlier with the solid caustic alkali (about 
8 inols.) and a little water, and the basin is heated over a free flame, wliile 
the mixture is constantly stirred with a nickel or silver spatula, or with 
a thermometer, tlie hull) of which is encased in a ^lass tnhe, or covered 
witli a Him of silver. As the mixture is very liable to spirt, tlie eyes of 
the operator must be protected by spectacles or by a sheet of glass suit- 
ably placed. After the alkali and the salt have dissolved, the ieinper- 
atnre is slowly raised ; as a rule, a temperature considerably above 200“ 
is required, so that if the snlphonic acid is merely boiled with con- 
centrated alkali, the desired change does not occur. When the operation 
is finished, the fused mass is allowed to cool, dissolved in water, and 
treated with excess of dilute sulphuric acid ; the liberated phenol is then 
isolated in some suitable manner (p. 421). 


Dibydric plieiiols may often be obtained in a similar manner 
from the disulphonic acids, 


4KOH = C^}i,(OK)^ + SKgSOg -f- 2 H 2 O. 


Owing to the high temperature at which these reactions must be 
carried out, secondary changes very frequently occur. When the 
snlphonic acid contains lialogens, tlie latter are usually displaced 
by hydroxyl-groups, especially if certain other acid radicals, such 
as -NOg, are also present in the molecule ; when, for example, 
chlorohenzenesulphamc acidy C^H^CkSOgH, is fused with potash, a 
dibydric phenol, CgH 4 (OH) 2 , is produced, the lialogen as well as 
the sulphonic-group being displaced. For a similar reason, com- 
pounds such as 0 - and p-chloronitrobenzene may be converted into 
the corresponding nitrophenols (p. 426) even by a boiling solution 
of caustic potash, the presence of the nitro-group facilitating the 
displacement of the halogen atom ; m-chloronitrohenzeney on the 
other hand, is not attacked under these conditions. 

In some fusions the process is not one of direct substitution only 


^ (/austio alkalis readily attack platinum and porcelain at high temperatures, 
but have little action on nickel and none on gilver. 
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— that is to say, tlie hydroxyl-groups in the product are not united 
with the same carbon atoms as those with which tlie displaced 
atoms or groups were united ; the tliree (o.m.p.) bromobenzevesulph- 
oiiic acidsy for example, all yield some of the m-compound, resorcwoly 

It seems possible tliat in the case of tlie o- and p-di-derivatives one 
of the substituents is displaced hy -ONa, and the other hy hydrogen, 
which is formed as tlie result of a s^ondary reaction (compare pliloro- 
glnciriol, p. 433); the sodium phenate thus produced, in the presence of 
atmospheric oxygen, might then be converted into the sodium derivative 
of resorcinol. 

2C«H, ONa + 0, 4 2Na()H - 2 C 6 H 4 (ONa )3 + 2HoO. 

Plienols may also lie obtained by heating phenolic acids, such 
as salicylic acid, with soda-lime, 

C^H4(0H)*C00Na + NaOH - -f- Na^COg, 

a reaction which is similar to that which occurs in the preparation 
of the hydrocarbons from the acids. 

They may be formed by treating the aryl Grignard reagents 
(p. 380) with oxygen, 

2C,H,-MgBr + i\ = 2CeH,*0-MgBr, 
and then decomposing the products with mineral acids. 

When phenols are heated with certain aliphatic alcohols at a high 
temperature (about 200°) in the presence of zinc chloride, the alkyl-group 
displaces hydrogen of the nucleus, 

CeH,OH + ROH=:C,H4 <^]j, + H^O. 

A phenol may thus be transformed into its higher hoinologues. 

Properties . — Most phenols are colourless, crystalline substances, 
readily soluble in alcohol and ether ; their solubility in water 
usually increases with the number of hydroxyl-groups in the 
molecule, while their volatility diminishes ; phenol and cresol, for 
example, are sparingly soluble, distil without decomposing, and 
are readily volatile in steam, whereas the three diliydric phenols 
are readily soluble and volatilise very slowly in steam. Alcoholic 
and aqueous .solutions of most monohydric phenols give a violet 
colouration with ferric salts. The di- and poly-hydric compounds 
also give colour reactions which vary with the relative positions 
of the hydroxyl-groups (pp. 431-432). 
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Most phenols give Liebermann’s reaction — that is to say, when 
dissolved in concentrated sulphuric acid and treated with a 
nitrosoaniine or a nitrite, ^ they yield (red, brown, <^.c.) solutions 
which, on the addition of water and excess of alkali, assume 
an intense blue or green colour. This reaction, therefore, alfords 
a convenient test for phenols as well as for nitrosoamines 
(p. 396 ). 

Most phenols reduce potassium permanganate solution, and 
when the alkaline solutions of most di- and poly-hydric phenols are 
shaken in the air they turn brown or black, owing to the formation 
of oxidation products. 

Although the phenols resemble the aliphatic alcohols and also 
those of tlie aromatic series in many respects, they differ from the 
alcohols in several important particulars. The reason for this is that 
the character of the hydroxyl-group (like that of the amino-group, 
p. 388 ) is greatly modified by its union with carbon of the benzene 
nucleus, just as that of the hydroxyl group in water is altered 
by combination witii acid-forming atoms or radicals, such as 
CI-, NOg-, (fee. ; in other words, the phenolic hydroxyl-group has a 
much more pronounced acidic character than that in alcohols, and 
for this reason the radicals phenyl^ phenylene, CgH4<^, &c., 

may be regarded as acid-forming. 

The acidic character of the phenolic hydroxyl -groups is shown 
by tlieir behaviour towards solutions of the alkali hydroxides, in 
which phenols dissolve freely, owing to the formation of metallic 
salts, such as sodium phenate or plienoxide, CgHg'OJNTa, and 
'potassium cresate, C6H4(CHg)'OK ; these compounds, unlike the 
metallic derivatives of the alcohols, can exist in presence of water, 
but are decomposed by carbonic acid and by other acids, with 
regeneration of tlie phenols. For these reasons phenols dissolve 
readily in aqueous alkalis, but are not more soluble in alkali 
carbonates than in water, unless their molecules contain other 
acid-forming groups or atoms ; nitrophevol, 0^51^4(^02)* OH, and 
picric acid^ C^H2(N'02)3*0H, for example, are so acidic in character 
that they decompose the alkali carbonates and dissolve in their 
aqueous solutions. 

Tlie metallic derivatives of the phenols, like those of the 

* Phenols give with nitrous acid p-nitroso-derivativeg, which condense with the 
unchanged phenols to form complex coloured compounds. 
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alcohols, react witli alkyl halides and with dimethyl sulphate 
(p. 179), yielding substances analogous to the ethers, 


C(i[£,*OK 4- CH 3 I = CgH^-O-Cn, + K 1, 


CeH,. 


:S+(ch3VS0,= 


+CB3Na.S()„ 


wliich are not decomposed by l)(>iling alkalis. 

With phosphorus pcntachloride and other halides of phosphorus, 
phenols give, mainly, derivatives of })l]Osphoric or ]>hosphoroua 
acid (p. 374) ; towards acid chlorides and anhydrides, they behave 
in much the same way as the alcohols, 


Cgllg-OH + (CHg COX.O - C^H^O C( ) (VH3 + C^H^Og. 


When heated with organic or halogen acids, however, the phenols 
are not changed to any appreciable extent, because, being less basic 
in character than the alcohols, they do not form esters so readily. 

In constitution the phenols may be regarded as somewhat 
similar to the lertianj alcohols, and, like the latter, many of 
them undergo complex changes on oxidation. 


Monohydric Phenols. 

Phenol, {carbolic add, or hydroxybenzene), occurs in 

very small quantities in human urine and also in that of the ox; 
it may be obtained from benzene, nitrobenzene, aniline, phenyl- 
diazonium chloride, benzenesulphonic acid, and salicylic acid 
(p. 469) by the methods already given ; but the phenol of com- 
merce is prepared principally from coal-tar (comj)are p. 327), in 
which it was discovered by Kunge in 1834. 

Phenol crystallises in colourless, deliquescent prisms, which 
melt at 41°, and turn pink on exposure to air and light ; it boils 
at 183°, and is volatile in steam. It has a very characteristic 
smell, is highly poisonous, and has a strong caustic action on the 
skin, quickly causing blisters. It dissolves freely in most organic 
liquids, but is only moderately soluble (1 part in about 15) in cold 
water; its neutral aqueous solution gives a violet colouration with 
ferric chloride, and a precipitate of trihromophenol, CgHgBrg-QH 
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(rn.p. 92°), with bromine water ; both these reactions may serve 
for the detection of phenol. Owing to its poisonous and anti- 
septic properties, plienol is extensively used as a disinfectant ; it 
is also employed for the manufacture of picric acid, salicylic acid, 
phenacetin (p. 427), &c. 

When phenol (or rresylic acid, p. 329) is heated with formalin in the 
presence of ammonia, lirjnid condensation products are obtaimsl ; tlicse 
mixtures, heated under pressure, change into a jdastic solid, and finally 
into a hard infusible and insoluble resin Bahe.lit<\ whiidi is eniidoyed as a 
substitute for celluloid, shellac, <S:c., and for the maiiufactuie of a great 
many useful and ornamental articles (compare pp. 124, 221, 234). 

Phenyl methyl ether, CJIr/O'CHg (anisole), may be prepared 
by heating potassium phenate with methyl iodide or by gradually 
adding dimethyl sulphate^ to a solution of sodium phenate in 
excess of caustic soda ; it has a pleasant smell, boils at 152°, and 
is practically insoluble in water. When warmed with concen- 
trated hydriodic acid, it yields phenol and methyl iodide, 

-f HI Cyig-OII d- CHgl. 

Phenyl ethyl ether, CgH^'O'Cgtl^ {phenetolc), can be obtained 
from potassium phenate and ethyl iodide ; it boils at 172°. 

Anisole, pheiietole, and other phenolic ethers are not hydrolysed 
by boiling alkalis, but like aliphatic ethers, are decomposed by 
concentrated mineral acids. 

Phenyl acetate, CH 3 *CO'OC(jH 5 , prepared by beating phenol 
with acetic anhydride, boils at 195°, and is readily hydrolysed 
even by boiling water. 

Hitrophenols, Cj.H 4 (N 02 )- 0 H, are formed very readily when 
phenol is treated even with dilute nitric acid ; the presence of 
the hydroxyl-group not only facilitates the introduction of the 
nitro-group, but also determines the position taken up by the 
latter (p. 382). The o- and 'p-nitrophenoU are thus produced. 

Phenol (1 part, say 10 g.), just liquefied by the addition of a small 
proportion of water, is gradually added to a mixture of sodium nitrate 
(1*6 parts), sulphuric acid (2*5 parts), and water (4 parts), which is kept 
below 20'’ and well shaken or stirred. The dark brown, oily product is 
left to settle, the acid layer is decanted, and the residue is washed with 
water by decantation ; it is then submitted to distillation in steau), 
whereon o?*^Ao-nitrophenol passes over as a yellow oil, which crystallises 
as it cools. The receiver is changed when the distillate ceases to give 

^ As previously stated (p. 179), dimethyl sulphate is very poisonous. 
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crystals (or oil), but distillatioii is contimied until tlie whole of the 
ortho coni|X)imd has passed over. The boiling solution of the residue 
is filtered from tairy matter, and the ijiti()j)hen()l, which sepaiales 
when the solution cools, is }>urified by lecrystallisation from boiling 
water, with the addition of animal charcoal. The o-coinpound may be 
crystallised from aqueous alcohol. 

m-Niirophenol is pre])ared by ?f»ediiciiig m-di nitrobenzene to m- 
nitroanilino (p. 394), and then treating a solution of the latter in 
excess of dilute suljdiuric acid with nitrous acid; the solution of 
the diazoniuin-salt is sloAvly heated to boiling, and the m-iiitro- 
])henol, which is thus produced, may be purified by recrystallisation 
from water. 

The melting-points of the three compounds are : 

Ortho-nitrophenol, Mrta-nitronhonol, Para-nitroplienol, 

45“. 96“. 114“. 

The 0- and the m-coni])ounds are yellow, but the p-derivative is 
colourless ; the o-com pound is readily volatile in steam. The three 
nitrophenols are all sparingly soluble in cold water, but dissolve 
freely in alkalis and also iu alkali carbonates, forming (p-) yellow 
or (o- and m-) red salts, which are not decora])osed by carbonic 
acid ; they have, tlierefore, a more marked acidic cljaracter tljan 
piienol itself, the presence of the nitro-gronp liaving an effect 
comparable witli that of the nitro-group iu nitric acid. 

Tiie ei/jy^derivative of p-nitrophenol gives on reduction p-ammo- 

phenetole, {phcvetidim^, which is converted into its acetyl- 

derivative when it is treated with acetic anhydride. The product, acetyl "p- 

phenctidnie, (acetyl p aruinophenetole), melts at 13.5“, is 

only very sparingly soluble in water, and is used in medicine, under the 
niinie, ph-enacctln^ in cases of neuralgia, and as an antipyretic. 

Picric acid, CgH 2 (N() 2 ) 3 *OH (trinitrophenol), is formed wdien 
materials such as wool, silk, leather, and some resins are heated 
with concentrated nitric acid, very cornjdex reactions taking place ; 
it may be obtained by heating phenol, or the o- and p-iiitrophenols, 
with nitric and sulplinric acids. 

Phenol (1 part) is dissolved in concentrated sulphuric acid (5 parts), 
water (4 parts) is added, the solution is cooled, and nitric acid of 
sp.gr. 1*4 (4 parts) is cautiously dropped in, the mixture being well 
shaken ; after the first energetic action has subsided, the solution is 
carefully heated on a water- bath during about two hours, and then 
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allowed to cool. The product solidifies to a mass of crystals ; it is mixed 
witli a little water, separated hy filtration, washed, and recrystallised 
from hot water. 

When phenol is dissolved in sulphuric acid, it is converted into a 
mixture of o- and i^-phenolsnl phonic acids, C^H 4(011 (p. 4*29) ; on 

subsequent treatment with nitric acid, the sulplionic-group, as well as 
two atoms of hydrogen, are displaced hy nitro-groups, 

C«lJ 4 ( 0 H)'S 03 lI + 3ll0K0.--CVJ,{N(g30H + ll.,804 + 2H,^ 

Picric acid is a yellow crystalline compound, melting at 122*5°. 
It is only very sparingly soluble in cold, bnt is moderately easily 
soln))le in hot water, and its solutions jinjjart to silk and wool, 
but not to cotton, a yellow colour; it is, in fact, one of the earlier 
known artificial organic dyes. It baa very marked acidic properties, 
and readily decomposes carbonates. I'he poiassiuin derivative, 
C,Jl 2 (NO.^) 3 *OK, and the sodiuw, derivative, C(jlT^(N 0 .^) 3 *()Na, arc 
yellow crystalline compounds, the former being sparingly, the 
latter readily, soluble in cold water. These com])ounds, and also 
the ammonium derivative, violently on percussion or when 

heated ; picric acid itself luirns quietly when it is ignited on a 
spatula, but can be caused to explode violently w'itli a detonator, 
and has been used in w'arfare under the name of Melinite or 
Lyddite. When warmed with an aqueous susjiension of bleacli- 
iiig powder, picric acid is completely decomposed, giving chloro- 
picrin (p. 73). 

Picric acid may he produced hy oxidising \\Mi}-tri}iitrohenzene, 
witli potassium ferricyanide, tlie presence of the iiitro-gronps 
facilitating the substitution of liydroxyl for hydrogen ; the constitution 
of picric acid, therefore, is repres^mted hy the formula, 


OH 



NO.^ 


which is usually written CgHalNOulg-OH, [3N(k^ = 2:4:6] (compare foot- 
note, p. 385). 

Picric acid forms crystalline compounds witli benzene, najihthalene, 
anthracene, and other hydrocarbons, i^d also with amines (p. 199), so 
that it nniy be used for tlie detection, or purification, of such substances. 
The compound which it forms with benzene, for example, crystallises 
in yellow needles, is decomposed by water, and has the composition, 
C6iL(N02)3 * 011 , 06116 ; ethylamine picrate, C2H5*NH2,C6H2(N0.2)j,*0H, 
and the picrates of other bases may be rocrystallised from water. 
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Phenoho-siilplionic acidy C<jII^(OH)‘SOyn, is formed, together 
with a comparatively small quantity of the p-acid, when a solution 
of phenol in concentrated sulidiuric acid is kept for some time 
at ordinary temperatures ; when, however, tlie solution is heated 
at 100-1 10^ the o-acid is decomposed into phenol and sulphuric 
acid, which then react to givQ phenol-y-ml phonic acid. 

Phenol-TDrSul phonic acid is prepared by carefully heating benz- 
ene-m-disulphonic acid with alkali at 170 -180'' ; under these 
conditions only one of tl)e sulphonic-groups is displaced, 


2KOn = C,J[, 


,()K 

^so;K 


+ K,S(L + T1,0. 


The o-acid is used as an antiseptic under the name, ascptol. 

The three (o.m.p.) cresols, C,;H 4 ((Tl 3 ) ( )1J (hydroxy toluenes), 
the next homologiies of phenol, occur in coal tar, from wliich the 
o-compound can be isolated by fractional distillation ; for the 
separation of the m- and p-isomerides from one another, chemical 
methods must ho, used. 

They may be j)repared })y diazotising the corresponding iohr 
idines (aminotoluenes), 0 ^. 114(01 I o, or by fusing the corre- 
sponding iolumesulphonic acids with potash. 


y + 2 KOII - + K .so, + H„0. 

Their melting- and boiling-points are given below. 

OrUio-ci-fiHOl. Mfila-cresol. rara-cresol. 

M.p. 31° ir 36° 

B.p, 191° L>02“ 201“ 

The cresols resemble phenol in most ordinary properties, as, for 
example, in being oidy moderately soluble in water, and in forming 
potassium and sodium derivatives, which are decomposed by 
carbonic acid ; they also yield alkyl-derivatives, &c., by the 
displacement of the hydrogen of the hydroxyl-group. They all 
give a bluish colouration with ferric chloride, and on distillation 
with zinc-dust, they are all converted into toluene, 




C«H4<()h‘’ Zn = c,H,-cn 3 + ZnO. 


Like phenol, the cresols are poisonous and are used as anti- 
septics (L^sol)^ as is also amyl-m-cresol. 

A very interesting fact regarding the three cresols is that they 
are not oxidised by chromic acid, although toluene, as already 
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stated, is slowly converted into benzoic acid; the presence of the 
hydroxyl-group, therefore, protects the methyl-group fioni the 
attack of acid oxidising agents, and this is true also in the case of 
other phenols of similar constitution. If, however, the hydrogen 
of the hydroxyl-group is displaced by an alkyl, or by an acyl- 
radical, then the protection is withdrawn, and the methyl- is 
converted into the carhoxyl-gruup in the usual manner; the 
metJnjlcresols^ G(,H 4 (()GHjj)*Cll 3 , for example, are oxidised by 
(dirornic acid, and are converted into the corresponding metlioxy- 
hoMZiue adds, c^;ii,(0CM,^yco(m. 

Of the higher monohydric phenols, thymol and carvacrol may 
he mentioned ; these two compounds are isomeric monohydroxy- 
derivatives of eymene, G^dl 4 (Gll 3 )'G 3 Tl 7 (p. 369), and their con- 
stitutions are respectively represented below : 


CH3 CHs 

I I 



Thymol. Carvacrol. 


Thymol occurs in oil of thyme, together with cymene ; it 
crystallise.s in large plates, melts at 51*5°, and has a characteristic 
smell, like that of thyme. It is only very sparingly soluble in 
water, and does not give a colouration with ferric chloride; when 
heated with phosphoric anhydride, it yields propylene and 
in-cresol, 

= C«H,(OH)-CIl 3 + C 3 H,, 

Carvacrol occurs in the oil of Oriyanum hirfuni, and may be 
prepared by heating camphor with iodine, 

C,„H ,30 + l3 = C,„H, ,0 + 2111; 

it is an oil boiling at 236°, and its alcoholic solution gives a green 
colouration with ferric chloride. When heated with phosphoric 
anhydride, it is decomposed into propylene and o-cresol. 

Dthydric Phenols. 

The isomeric dihydric phenols — catechol, resorcinol, and quinol 
(hydroquinone) — are well-known compounds of considerable 
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importance, and are respectively represented by the formulfie, 


OH OH OH 



Catechol Re«orcinol Quinol (HydroqiiiitoJie) 

(OrC7iO*diliydroxybenzene). (Meto-dibydroxybenzeue). (Para-dibydroxybeiizene). 

Catechob C^H4(OH)2, occurs in catechu^ a substance obtained 
in India from Acacia catechu and other trees, and was first 
oV)tained by the dry distillation of this vegetable product. It 
may be obtained by fusing phenol-o-sulphonic acid with .potash, 
and by boating guaiacol or 'iuethylcatechol (see below) with concen- 
trated hydriodic acid, 

CoH4(OH)*OCn3 + HI - 0,114(011)2 + CII3I ; 

also by oxidising salicylaklohyde with a dilute alkaline aqueous 
solution of hydrogen peroxide. It is prepared commercially by 
heating o-chlorophenol with 20 per cent, alkali and a trace of copper 
sulphate at about 190'^ under pressure. It is ^oloiniess, rnelts at 
104°, and is readil}'' soluble in water. Its solutions in aqueous 
alkalis darken on exposure to the air; its aqueous solution gives, 
with ferric chloride, a green colouration, which, on the addition of 
sodium bicarbonate, changes first to violet and then to red, a reaction 
which is common to many orMo-dihydric phenols (p. 434). 

Chiaiacol, C,H4(OMe)*()H, is obtaitied from the tar produced 
during the destructive distillation of l)eech-wood ; it melts at 28°, 
lias a pleasant smell, and gives a green colouration with ferric 
chloride in alcoholic solution. / 

Resorcinol, 0,114(011)2, is prepared on a laige scale by fusing 
benzene-m-disulphonic acid with sodium hydroxide, 

C,H4(S03Na)2 + 4NaOH = CeH4(ONa)2 + 2Na2S08 + 2H2O. 

It is also obtained when the p-disulphonic acid and many other 
0- and p-di-derivatives of benzene are treated in the same way, 
but how such remarkable changes occur, it is difficult to say 
(compare p, 423). Resorcinol melts at 111° and dissolves freely in 
water, alcohol, and ether ; its aqueous solution gives a dark-violet 
colouration with ferric chloride, and a crystalline precipitate of 
trilyromoresorcinol, CoHBr3(OH)2, with bromine water. When 
resorcinol is strongly heated for a few minutes with phthalic 
Org. 29 
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anhydride (p. 458), and the brown or red mass is then dissolved 
in caustic soda, there results a brownish-red solution, which, 
when ])ourod into a large volume of water, sliow^s a beautiful 
green fluorescence ; this plienomenon is due to the formation of 
fluorescein. Otlier m-diliydric phenols give this flucn'escein reaction.^ 
which, therefore, affords a convenient and very delicate test for 
such compounds ; tlie fluorescein reaction may also be employed 
as a test for inner anhydrides of dicarhoxylic acids (p. 247), 

Resorcinol is used in large quantities in preparing fluorescein^ 
eosm^ and various azo-dyes (j). 592). 

s.>^uinol, G^.H^(011)o (hydroquinone), is formed, together with 
glucose, when tl»e glncoside (footnote, p. 310), arhutiny which 
occurs in the leaves of the bear-berry, is boiled with dilute 
sulphuric acid, 

-p 11,0 = c,H4(oii), + cyi,,o,. 

It is usually prepared by reducing quinone (p. 445) with sulphurous 
acid in aqueous solution,^ but about 20 per cent, of the quinone 
is converted into quinoUulphonic acidy 

+ H,S 03 = CePl 3 ( 0 H),-S 03 H. 

It melts at 169°, is readily soluble in water, and when treated 
with ferric chloride or other mild oxidising agents, it is converted 
into quinone, 

0^11,(011), + O = CJI^O, -f H,0. 

Its solutions in aqueous alkalis darken on exposure to the air. 

Trihydric Phenols. 

The three trihydric phenols, C^Hg(OH) 3 , are respectively 
represented by the following forniulaB : 

OH 

-OH 
—OH 

Pyrogallol. Phlorogludnol. Hydroxyquinol. 

l:2:3-Trihy(iroxybenzene. l:S:5-Triliydroxybenzene. l;2:4-Triliydroxybenzene, 

1 The name hydroquinone^ by which this dihydroxybenzene is still known, 
recalls its relation to quinone ; it was changed to quinol, in conformity with the 
rule that the name of a hydroxy-compound should end in ol. 
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Pyrogallol, Ct}If3(On)3, sometimes called pyrogallic acid, is 
prepared by heating gallic acid (p. 472) alone or with glycerol, at 
about 210 °, until the evolution of carbon dioxide ceases, 

CeH,(OH) 3 -COOH = C«H 3 (OH )3 + CO,. 

It is colourless, melts at 132°, and is readily soluble in water, 
but more sparingly soluble in alcohol and ether (the effect of 
hydroxyl-groups) ; its aqueous solution gives, with ferric chloride, a 
red, and with ferrous sulphate containing a trace of ferric chloride, 
a deep, dark-blue colouration. It dissolves freely in alkalis, giving 
solutions which rapidly absorb oxygen and turn black (even on 
exposure to the air), a fact which is made use of in gas analysis, 
for the estimation of oxygen. Pyrogallol has powerful reducing 
properties, and precipitates gold, silver, and mercury from 
solutions of their salts, being itself oxidised to oxalic acid and 
other products ; many other phenols, such as catecholy resorcinol, 
and quinoly are also reducing agents, especially in alkaline solution, 
but the monohydric-coinpounds are much less readily oxidised. 
Pyrogallol and quinol are used in photography as developers. 
Aminomonohydric phenols and their derivatives are also em- 
ployed. Metol contains the sulphate of 'p-7) lethylayninoplienoly 
07 , 114 ( 0 H)*NH’CH 3 , and amidol the sulphate of diaminophenol 
[0H:2NH2: 1:2:4]. 

Pyrogallol forms mono-, di-, and tri-alkyl-derivatives ; the 
tf» 7 /c//////-derivative, CeH 3 (OCH 3 ).,*OH, occurs in beech-wood tar. 

Phloroglucinol, C(.H 3 (OH )3 (1:3:5- or symmetrical tri-hydroxy- 
benzene), is produced when phenol, resorcinol, and many resins, 
such as gamboge, dragon’s-blood, &c., are fused with alkali, and is 
prepared by the hydrolysis of 1 : 3: 5-triamino-benzene (p. 385). 

It may also be preparf?d by fu.sing re.sorcinol {1 pai t) witli caustic soda 
(6 parts) during about twenty-five minutes, or until the vigorous evolution 
of hydrogen has ceased. The chocolate-coloured melt is dissolved in 
water, and the solution is treated with excess of dilute sulphuric acid 
and repeatedly extracted with ether; the extract is evaporated, and the 
residue recrystallised from water. 

It crystallises witli 2 H 2 O in colourless prisms, melts at about 
218°, and is very soluble in water; the solution has a sweet taste, 
gives with ferric chloride a bluish-violet colouration, and when 
mixed with caustic alkali, it rapidly turns brown in contact with the 
air, owing to the absorption of oxygen. When warmed with acetyl 
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chloride, phloroglucinol yields a triacetate^ 0^113(0211302)8, nieltiiig 
at 106°, and in many other reactions its behaviour points to th6 
conclusion that it contains three hydroxyl-gxow^^ ; on the other 
hand, when treated with hydroxylainine, it gives a trioxime, 
CgH(j(:N’OH)g, and in this and certain other respects it behaves as 
though it were a triketone. 

For these reasons phloroglucinol may be represented by one of 
the following forrnulie : 



and it may be assumed that the /r^7^//cZm^;?/-com pound is readily 
convertible into the triketone and vice versa by tautomeric change 
(compare p. 189). 

Hydroxyqainol, or 1:2:4- trihydroxy l»erizene, is formed when qninol is 
fused with potash. It melts at 140", is very soluble in water, and its 
aqueous solution is coloured greenish-brown by ferric chloride, but on 
the addition of sodium bicarbonate the colour changes to blue and then 
to red (p. 431 ). 


Thiophenols and Salq)] tides. 

Thiophenol, phenyl mercaptan, CglJg’SH, may be obtained by heating 
sodium benzeiiesulphonate witli sodium hydrogen sulphide, 

Celia -SO.Na f NaHS =:CelI,-8Na f NaliSO.,, 
or by treating phenol with phosphorus pentasulphide, 

5CJI, OIJ -f PgSe-SCoHfl SH + ; 

it is usually prepared by reducing benzenesul}>honyl chloride with zinc 
and dilute sulphuric acid, 

CeHfiSOsd + 6H = C«H5SH -f-2H20 + HCl. 

It boils at 169" and has a most unpleasant smell ; it resembles ethyl 
mercaptan in forming a mercury derivative, (CgHg-Sbllg, and in being 
oxidised to a sulphonic acid (p. 119). 

Diphenyl sulphide, (CgHglgS, is formed, together with tliiophenol, by 
treating phenol with phosphorus pentasulphide (above). It boils at 
292" and has a smell of leeks. It can be oxidised to diphenyl stdphone, 
(CaHg)3S02 (compare p. 119). Other mercaptans and snlpludes can be 
obtained by similar reactions and have similar properties. 
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CHAPTER XXX. 

ALCOHOLS, ALDEHYDES, KETONES, AND QUINONES. 

Alrohols. 

The aromatic alcohols are derived from the hydrocarbons by the 
substitution of hydroxyl-groups for hydrogen atoms of the side- 
chain : benzyl alcohol^ C^Hg'CHo'OH, for examjde, is derived from 
toluene ; tolyl carhinol^ CgH 4 (CH 3 )*CH 2 *OH, from xylene ; and so 
on. The compounds of this type are very closely related to the 
alcohols of the aliphatic series, although, of course, they show at 
the same time the general behaviour of aromatic substances. 

They may be obtained by methods exactly analogous to those 
employed in the case of the aliphatic alcohols — namely, by heating 
the corresponding lialogen derivatives with water, weak alkalis, or 
moist silver oxide (p. 69), 

C.H.CH.Cl + H^O - Cell^CHg-OH + HCl, 
and by reducing the corresponding aldehydes and ketones, 

C.HgCHO + 2II = CeH,CH2'OH, 

C.lIs'COCHg + 2H = CeH6CH(On)CHg. 

Those compounds which, like benzyl alcohol, contain the 
carbinol-group, -CHg'OH, directly united with the benzene nucleus, 
may also be prepared by treating the corresponding aldehydes with 
alcoholic or aqueous caustic potash, 

2C,H5CH0 + KOH - C^H.-CHgOH + C.H^COOK. 

In this reaction benzyl benzoate, CgHg'CHa'O'CO CeHg, is probably formed 
in the first place. 

The aromatic alcohols are usually colourless liquids, very spar- 
ingly soluble in water ; their behaviour with alkali metals, phosph- 
orus pentachloride, and acids, is similar to that of the aliphatic 
compounds, as will be seen from a consideration of the properties 
of benzyl alcohol, one of the better-know^n aromatic alcohols. 

Benzyl alcohol, CeH^CHg OH (phenylcarbinol), an isomeride of 
the three eresoh (p. 429), occurs in storax (a resin obtained from 
the tree, Styrax officinalie), and also in balsam of Pern and balsam 
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of Tolu, either in the free state, or as an ester in combination 
with cinnamic or benzoic acid. 

It may be obtained by reducing benzaldehyde (p. 437) with 
sodium amalgam and water, 

CeH.CHO + 2H - C.H.CH./OH, 
and by passing dry formaldehyde into an ethereal solution of 
magnesium phenyl bromide and then decomposing the additive 
compound with acids, 

CH,0 + C,H,-MgBr - C.H.-CH^-OMgBr, 

( ) MgBr + HCl = CJI 5 CHg-OH + MgClBr. 

It is conveniently prepared in the laboratory by treating benz- 
aldehyde with cold caustic potash (Cannizzaro’s reaction), 

2C6lI^^CHO + KOH - CJIs-GHoOH -H C.H^-COOK. 

The aldeliyde (10 parts) is shaken with the solution of potash {9 parts) 
in water (10 parts) until the whole forms an emulsion, which is allowed 
to stand during twenty-four hours ; wat(*r is then added to dissolve the 
potassium benzoate, the solution is extracted with ether, the dried 
ethereal extract is evaporated, and the benzyl alcohol is purified hy 
distillation. 

It is produced commercially by boiling benzyl chloride with 
milk of lime or a solution of sodium carbonate, 

Cells-CTIaCI + H^O - CeH^-CHg'OH -f HCl. 

Benzyl alcohol is a colourless liquid, boiling at 206° ; it is only 
sparingly soluble in water, but is miscible with organic solvents 
in all proportions. It is readily acted on by sodium and potass- 
ium, with evolution of hydrogen, yielding metallic derivatives, 
which are decomposed by water, and when treated with phosph- 
orus pentachloride, it is partly converted into benzyl chloride, 

C^H 5 CH 2 0H -h PCl^ = CH 2 CI -p POCI 3 -f HCl. 

When heated with concentrated acids, or treated with anhydr- 
ides or acid chlorides, it gives esters ; with hydrobromic acid, 
for example, it yields benzyl bromide, CgHg’CHgBr (b.p. 199°), 
and with acetyl chloride or acetic anhydride it gives bmizyl acetate, 
CgHg’CHg’O'CO'CHg (b.p. 216°). On oxidation with dilute nitric 
acid, it is first converted into benzaldehyde and then into benzoic 
acid, 

C,H, CHgOH + 0 - CgHgCHO + HgO, 

CgHs-CHg'OH + 20 = CfiHfiCOOH + HgO. 
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All these changes are strictly analogous to those undergone by the 
aliphatic alcohols, 

A great many alcohols containing both aliphatic (alkyl) and 
aromatic (aryl) hydrocarbon radicals have been prepared with 
the ‘aid of the Grignard reagents. Plmiyldimethyl ca^hinol^ 
CgH5*C(CH3)2()H, for example, is easily obtained from acetone 
and magnesium phenyl bromide (p. 380 ) ; phenylethyl carldnol^ 
CgH5-CH(G2H5) OH, from benzaldehyde and magnesium ethyl 
bromide, and so on. In all such compounds the hydroxyl-group 
shows much the same behaviour as that in aliphatic tertiary and 
secondary alcohols respectively. 

Aldehydes. 

The relation between the aromatic aldehydes and the aromatic 
alcohols is the same as that which exists between the correspond- 
ing classes of aliphatic compounds, that is to say, the aldehydes 
are formed from the primary alcohols by the oxidation of the 
-CHg'OH group ; benzaldehyde^ CgHg'CHO, for example, 
corresponds with benzyl alcohol, C^jHg'CHg'OH ; scdicylaldehyde, 
CgH4(OH)*CHO, with salicyl alcohol, C<3ll4(OH)*CH2*OH ; phenyl^ 
acetaldehyde, C(3H^’CH2*CHO, with ^-phenylethyl alcohol (benzyl 
carbinol), Cell5'CH2*CH2‘OH, and so on. 

Now those compounds, which contain an aldehyde-group directly 
united with carbon of the nucleus, are of far greater importance 
than those in which the aldehyde-group is combined with a 
carbon atom of the side-chain ; whereas, moreover, the latter 
resemble aliphatic aldehydes very closely in general character, 
and do not therefore require a detailed description, the former 
differ from the aliphatic compounds in several important partic- 
ulars. This will be seen from the following account of benz- 
aldehyde and salicylaldehyde, two of the better-known aiomatic 
compounds, which contain the aldehyde-group directly united 
with the benzene nucleus, 

Benzaldehyde, C^Hg-CHO, sometimes called ‘oil of bitter 
almonds,* was formerly obtained from the glucoside, amygdalin 
(compare p. 310 ), which occurs in the almonds together with, but 
apart from, an enzyme, emulsin ; when the almonds are macerated 
with water, the emulsin gradually decomposes the amygdalin intb 
benzaldehyde, hydrogen cyanide, and glucose. 
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Benzaldebyde may be obtained by oxidising benzyl alcohol 
with dilute nitric acid, and by heating a mixture of calcium 
benzoate and calcium formate, 

+ (HCOO)2Ca = + 2 CaC 03 , 

reactions analogous to those employed in the aliphatic series. 

It may be prepared in the laboratory by boiling benzyl chloride 
with an aqueous solution of lead nitrate, or copper nitrate, the 
benzyl alcohol which is first formed being oxidised to the aldehyde 
by the metallic nitrate, 

2C«H5 CH 2 0H + Cu{N 03)2 4^ 2HC1 = 2C6H5 CH0 + CnCl 2 + N 2 O 3 + SH^O. 

Benzyl chloride (.5 parts), water (25 parts), and copper nitrate (4 parts) 
are placed in a flask connected with a reflux condenser, and the mixture 
is boiled during six to eight hours, a stream of carbon dioxide being 
passed into the liquid all the time, in order to expel the oxides of 
nitrogen, which would otherwise oxidise the henzaldehyde to benzoic 
acid. The process is at an end wlien the oil contains only traces of 
chlorine, which is ascertained by washing a small portion with water, 
and boiling it with silver nitrate and nitric acid. The henzaldehyde is 
then extracted with ether, the ethereal extract is shaken with a con- 
centrated solution of sodium bisulphite, and the crystals of the bisulphite 
compound, CgHs’CHO, NaHSOs, are separated by filtration and washed 
with ether ; the henzaldehyde is then regenerated, with the aid of dilute 
sulphuric acid, extracted with ether, dried, and distilled. 

A general method for the preparation of aromatic (and also 
aliphatic) aldehydes, is the reduction of a cyanide to an aldimine 
with a solution of anhydrous stannous chloride in ether, saturated 
with hydrogen chloride ; the staniiichloride of the aldimine, which 
is precipitated, is readily decomposed by warm water, giving the 
aldehyde, 

RCN— RCChNH— RCH:NH— [RCH:NH,HCli,SnCl 4 ~-RCHO. 

Since cyanides can be obtained from diazonium salts (p. 402), 
this method is of considerable importance in the laboratory. 

Benzaldehyde is usually prepared on the large scale by (a) the 
direct oxidation of toluene or by (b) the hydrolysis of benzal 
chloride, CgHs'CHClg (p. 379). 

(a) Toluene is cautiously oxidised at about 40® with 66 per cent, 
sulphuric acid and precipitated manganese dioxide, (b) Crude henzal 
chloride (benzylidene dichloride, p. 379), which contains benzotrichloride, 
is heated at 30® and stirred with about 0*3 per cent, of iron powder; 
after about 30 minutes, 15 per cent, of water is added and the tempera- 
ture is carefully raised, whereon the dichloride undergoes hydrolysis. 
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The benzoic acid, formed from the trichloride, is neutralised with milk 
of lime, the benzaldehyde is distilled in steam, agitated with a 35 per 
cent, solution of sodium bisulphite until it has all dissolved, and then 
liberated from the clarified solution by the addition of sodium carbonate. 

In aiiotlier process it is prepared directly fruiii benzene by 
passing a mixture of carbon monoxide and hydrogen chloride 
into the hydrocarbon, in the presence of anhydrous cuprous 
chloride and aluminium chloride (Gattermann). This method 
seems to depend on the formation of the very unstable chloride 
of formic acid, irCO CI, which, in the presence of the aluminium 
chloride, reacts with the benzene, with elimination of hydrogen 
cldoride ; many oilier aromatic aldehydes may he prepared from 
other hydrocarbons liy this method. 

Benzaldehyde is a colourless, highly refractive liquid of sp. gr. 
1*05 at 15'^; it boils at 179’^, and is volatile in steam. It has a 
pleasant smell, like that of hitter almonds, ami is only sparingly 
soluble in water, but is miscible with organic liquids in all pro- 
portions. It is extensively used for flavouring purposes, and is 
employed, on the large scale, in the manufacture of various dyes. 

Benzaldehyde, and aromatic aldehydes in general, resemble the 
aliphatic aldehydes in the following respects : They readily 
undergo oxidation, sometimes merely on exposure to the air, 
yielding the corresponding acids, 

CeH^-CHO + O = -00011, 

and they reduce ammoiiiacal solutions of silver hydroxide, but 
in some cases only very slowly. On reduction they are converted 
into the corresponding alcohols, 

CgHg-CHO + 2H - CeH^-CHgOH. 

When treated with pliosphorus pentacbloride, they give dihalogen 
derivatives, such as benzal chloride, CgHg-CHClg, two atoms of 
chlorine being substituted for one atom of oxygen. Tliey react 
with hydroxylamine, yielding aldoximes, and with j)henyl- 
hydrazine, giving hydrazones, 

C.Hs-CHO + NH,OH - H.p + CeH^CHiNOH, 

Benzaldoxime (m.p. 86“). ‘ 

CgHs'CHO + NHj-NHCgH^ = H,0 + CeHsCIIiNaHCgH,. 

Benzylidenehydrazone (m.p, 159‘’).2 

1 There are two isomerit benzaldoximes (Part III.). 

2 This compound is also oaUed beuzalphenylhydrazone. 
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They also react with semicarbazide (p. 241). Benzaldehyde semi- 
carhazone, NH.j CO-NH •N:CH-CfiHg (in.p. 214°), for example, separates at 
once in crystals when benzaldehyde is shaken with an aqueous solution 
of semicarbazide hydrochloride and sodium acetate. Like some hydraz- 
ones, the semicarbazones are decomposed by acids, yielding the alde- 
hyde or ketone and a salt of semicarbazide. 

They show Scliiffs reaction (p. 128), combine directly witli 
sodium bisulphite, forming crystalline compounds, and with 
hydrogen cyanide they yield hydroxycyanides, or cyanohydrins, 
such as manddonitrile^ C(^H^-Crr(OH)*CN. 

Benzaldehyde, and other aromatic aldehydes which contain 
the -CHO group directly united with the benzene nucleus, differ 
from the fatty aldehydes in the following respects : Tliey do not 
reduce Fehling’s solution, and they do not readily undergo poly- 
merisation ; when shaken with concentrated potash (or soda), 
they yield a mixture of the corresj)onding alcohol and acid 
(Cannizzaro’s reaction, p. 436), 

2CelB;CHO -f- KOH = C^H5-CH2(.)H + C^H^COOK. 

They do not readily form additive compounds with ammonia, but 
yield complex products, such as hydrohenzamide^ (C(iHg‘CH) 3 N 2 , which 
is obtained wlien benzaldehyde is treated with ammonia. 

Aromatic aldehydes of both types readily undergo condensation with 
many other fatty and aromatic compounds. When, for example, a mix- 
ture of benzaldehyde and acetone is treated with a few' drops of caustic 
soda at ordinary tern peratiire.s, benzylideneacetone^ CgHg'CILCH’CO'CHa 
(m.p. 42°), is foimed, and wlien benzaldehyde is warmed w ith aniline, it 
gives benzylideiieanilme^ CgHg’CH^N'Cgllg (m.p. 45°), a type of compound, 
which is known as a Schijffs base. 

NUrohenzaldehydes, C6H4(N02)*CH0. — Wlien treated with a mixture 
of nitric and sulphuric acids, benzaldehyde yields m-nitrobenzaldehyde 
(m.p. 58°) as principal product, small quantities of o-nitrol)enzaldehyde 
(m.p. 41°) being formed at the same time. 

p-Nitrobenzaldehyde (m.p. 107°), and also the o-compound, are con- 
veniently prepared by the oxidation of the corresponding nitrocinnamic 
acids (p. 464) with alkaline potassium permanganate, . 

^CH COOH + 

During the operation the mixture is shaken with benzene in order to 
extract the aldehyde as fast as it is formed, and thus prevent its further 
oxidation. The benzene solution is then evaporated, and the aldehydes 
are purified by recrystallisation. 

The nitrobenzaldehydes are colourless, crystalline substances j when 
reduced with ferrous sulphate and ammonia, they are converted into the 
corresponding aminobenzaldehydea^ CaH 4 (NHj)*CHO. 
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o-Nitrohenzaldehyde is a particularly inieiesting substance, as, Avljen 
its solution in acetone is mixetl with a few drops of dilute caustic soda, 
a precipitate of indigo-blue {indigoiin) gradually forms (Baeyer), 

2C6H4<cSo + 2CH,C0 oh, = C„H,< J! 

Indigo- blue. 

+ 2CH3 00011 + 211.20. 

Benzoin, Cgll5'C0‘CH(()lI)-CjjHr,, a keionic alcohol^ is formed 
and separates in colourless crystals, when benzaldehyde (5 parts) 
is heated with a solution of potassium cyanide (1 part) in aqueous 
alcohol during about an hour, and the solution is then cooled, 
2C,H5 CHO - C,H, C0 CH(()H) C,H5 ; 
it melts at 134°, and is oxidised by boiling concentrated nitric 
acid, giving a diketone^ henzil, CgH 5 *C()'C 0 *C^.Hr,, which is yellow 
and melts at 90°. 

Many other aromatic (and certain aliphatic) aldeliydes give 
products corresponding with benzoin when they are treated with 
potassium cyanide ; this transformation, which is known as the 
benzoin condensation, depends on the intermediate formation of a 
hydroxy-cyanide (mandelonitrile), 

C6H5*CH(0H)CN + CoHs'CHU = C,.H5CH(0H)C0C,K, + HCN, 
the necessary hydrogen cyanide being formed by the hydrolysis 
of the potassium cyanide. 

Hydrohenzoin, CqH+CH{OH)-CH(OH)*C 6 H 5 , is formed, together with 
benzyl alcohol by the reduction of benzaldehyde, just as a pinacol is 
formed from a ketone (p. 142); its molecule contains two structurally 
identical a.symmetric carbon-groups, and like dihydroxysuccinic acid 
(tartaric acid) it exists in d-, 1-, and wicso-foims, also as a conglomerate. 


H Phenolic or Hydroxy-aldehydes, 

The hydroxy-derivatives of the aldehydes, such as the hydroxy- 
henzaldehydes, C 6 H 4 (OH)*CHO, which contain the hydroxyl-group 
united with the nucleus, combine the properties of phenols and 
aldehydes, and are classed SiS phenolic aldehydes. 

They may bo obtained by the oxidation of the corresponding 
phenolic alcohols; saligenin (p. 471), or o-hydroxyhenzyl alcohol, 
for example, yields salicylaldehyde or odrydroxyhenzaldehyde, 

CeH4<Qjj^.Qg + 0 = C6H4 <qjjq -I- HjO. 
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Such alcohols, however, are not easily obtained, and indeed in 
many cases have only been produced by the reduction of the 
phenolic aldehydes. 

Many phenolic aldehydes may be prepared by heating phenols 
with chloroform in alkaline solution (Tienuinn-Reimer reaction), 

+ CHCl, + 4KOir - (Vf4(OK)C]rO -f ;1KC1 + 3 II 2 O. 
The changes whicli occur in this reaction are not understood ; 
possibly tlie phenol reacts with the chloroform, in the presence of 
tlie alkali, yielding an intermediate product containing halogen, 

cjf^oH 4- ciiciy - C6ii,(OH)-circi2 -f ;hci, 

which, by the further action of the alkali, is converted into a 
hydroxybenzaldehydc, just as henzalcliloride^ Cj^ir^'CHCl^, is traiis- 
fonned into henzaldeliyde^ 

c,]i,(on)‘Ciici2 — > (yi,(OH)-CH(oH)2 ^ c,h,(oh)-cho. 

As a rule, the principal product is the o-hydroxyaldehyde, small 
quantities of the p-coinpouiid being produced at the same time. 

Many phenolic aldehydes may also be prepared by treating 
phenols, dissolved in benzene or ether, with hydrogen cyanide and 
hydrogen chloride in the presence of anhydrous aluminium chloride 
(Gattermann ; compare p. 439). Probably the two acids unite and 
form a compound, CHCIiNII, which then gives with the phenol an 
aldimine (p. 438), 

C Jlg-OIl + CHChNH = H0*C6H4-CH:N}T + HCl ; 
this product is readily hydrolysed by acids or alkalis, with the 
formation of the p-hydroxy-aldehyde and ammonia. 

Ethers of phenolic aldehydes may be obtained from phenolic ethers in a 
similar manner. When an alkyl cyanide is substituted for hydrogen 
cyanide, a phenol gives a ketone in the place of an aldeliyde (Hoesch), 

CeHaiOHh'CRiNH CgHaCOEt/CO R. 

The phenolic aldehydes combine the properties of both phenols 
and aldehydes. 

Salicylaldehyde, C 6 H 4 (OH) CHO (o-hydroxybenzaldehyde), may 
be obtained by oxidising saligenin with chromic acid (p. 471), but 
it is usually prepared from phenol by the Tiemann-Eeimer reaction. 

Phenol (25 grams) and caustic soda (80 grams) are dissolved in water 
(80 grains), the solution is lieated to 65-70® in a flask provided with a 
reflux condenser, and chloroform (60 grams) is added in small quantities 

1 An intermediate product, C^H4{OH)*CH(OC®H5)*, may also be formed. 
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at a time from a tap-funnel, cooling if necessary at first, and later 
heating, in order to keep the teinperatuie constant. At the end of 
about two hours any unchanged chloroform is distilled off, and the 
alkaline solution is mixed with excess of dilute sulphuric acid and 
distilled in steam, when phenol and salicylaldehyde j»ass over. (The 
residue in the flask contains 'p-hydroxyhenzaldchyde^ which may he 
extracted from the tiltereil liquhl with ether, and purified liy recrystallisa- 
tion.) The distillate is extracted Avith ether, the extract evaporated, 
and treated with two volumes of a strong solution of sodium bisulphite. 
Tlie crystalline bisulphite compound of the aldehyde is filtered, using a 
suction-pump, and decomposed by heating it with dilute sulphuric acid ; 
the regenerated salicylaldehyde is extracted with ether, dried over 
sodium sulphate, and purified by distillation. 

Salicylaldehyde boils at 195*^, and has a ]>enetratii)g, aromatic 
odour; it dissolves readily in alkalis, giving yellow solutions, and 
its aqueous solution gives a violet colouration with ferric chloride. 
When reduced witli sodium amalgam and water it yields saligenin^ 
CqH^(OH) CH 2 *OH (p. 471), Avhereas oxidising agents convert 
it into salicylic acid^ C(jH 4 (OH)-COOH. 

j^IIydroxybenzaldchyde (m.p. in'") dissolves readily in hot Avater, and 
gives, with ferric chloride, a slight violet colouration. 

m-Hydroxyhenzaldehyde is obtained by converting m-nitrobenzal- 
dehyde into m-aminobenzaldeliyde, and then displacing the amino- 
group by hydroxyl, with the aid of nitrous acid. It crystallises from 
water in needles, and melts at 104''. 

Anisaldehyde, C^H 4 (OCH 3 )-CHO (p-metlioxybenzaldehyde), is 
prepared from oil of aniseed. This essential oil contains aneilwle^ 
C,H^( 0 C 1 T 3 )-CH:CH-Cn 3 , a crystalline substance (m.p. 21"), 
which on oxidation with jmtassiiim dichroinate and sulphuric acid 
is converted into anisaldehyde. It may be prepared synthetically 
by warming ’^-hydroxyhenzaldehyde with alcoholic potash and 
methyl iodide (or dimetliyl sulphate, p. 179), 

c^ii^iOKyciio + CH3I - c^^i^iocu^ycno -p k j, 

Anisaldehyde boils at 249", and has a penetrating, aromatic odour; 
on reduction with sodium amalgam it yields anisyl alcj)hol, 
CoH^(OCH 3 ) CIf 2 *OH (p. 472); on oxidation it gives anisic acidy 
C,H4(0CH3)-C00H (p. 472). 


Ketones, 

The ketones of the aromatic, like those of the aliphatic, series 
have the general formula, K - CO ~ R', where R and R' represent 
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different or identical radicals, one of whicli, of course, must be 
aromatic. 

Acetophenone, (plienylnietliyl ketone, acetyl- 

benzene), may be described as a typical aromatic ketone. It is 
formed, and distils over, when a mixture of calcium benzoate and 
calcium acetate is heated, a reaction which is exactly analogous 
to that by which mixed ketones of the aliphatic series are obtained, 

(C,H5 COO).^Ca + (CK3*COO),Ca = 2CeH,*CO-CK3 -f 2 CaC 03 . 

It is most conveniently prepared by dropping acetyl chloride 
into well-cooled benzene, in the presence of anhydrous aluminium 
chloride, 

C,H, + CH 3 COCI - -f IICl. 

This method is a general one, as, by tlie use of other acid 
chlorides and other hydrocarbons, many other ketones nmy he 
prepared ; it is an extension of Friedel and Crafts’ method of 
preparing hydrocarbons (p. 361). 

The benzene (15 parts, in c.c.) and aluminium chloride (7 i>arls)are placed 
in a flask fitted with a reflux condenser and cooled in ice. The acetyl 
chloride (5 parts, in c.c. ) is added from a tap-funnel. When the evolution 
of hydrogen chloride ceases, the flask is taken out of the ice, and after 
about an hour’s time the contents are cautiously added to crnslied ice. 
The herizene solution is separated, washed with water and dilute alkali 
successively, dried with calcium chloride and submitted to distillation. 
The portion collected from about 196-204® should solidify at ordinary 
temperatures. 

Acetoplienoiie melts at 20*5'^, and Imils at 202° ; it is used as a 
liypnotic in medicine, under the name of Hypnone, Its chemical 
behaviour is so similar to tliat of tJie alipliatic ketones that most 
of its reactions, or at any rate those which are determined by the 
carbonyl-group, might be foretold from a consideration of those 
of acetone. On reduction with sodium amalgam and aqueous 
alcohol, acetophenone is converted into phenyhnethyl carhinQl^ 
C^Hj^*CH(OH)*CH 3 , just as acetone is transformed into isopropyl 
alcolml ; like acetone, and other alipliatic ketones, it reacts 
with liydroxylarnine, giving the oxime, CQn 5 *C(:N-OH)CH 3 
(m.p. 59°), and with phenylbydrazine, giving the hydrazone^ 
C 6 H 5 *C(;N 2 HCoH^)'CIT 3 (m.p. 105°). It forms a cyanohydrin 
(hydroxycyanide), CQH 5 ’CMe(OH)*CN, with hydrogen cyanide, 
but does not combine with sodium hydrogen sulphite. On 
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oxidation it is resolved into benzoic acid and carbon dioxide, 
just as acetone is oxidised to acetic acid and carbon dioxide, 
CgHs-CO-CHg -f 40 = CgH, -00011 + CO, + BXh 
Acetophenone shows also the general beliavioiir of aromatic 
compounds, inasmuch as it may be converted into nitro-, amino-, 
and halogen derivatives by the displacement of nuclear hydrogen. 

The homologues of acetoj^henone, such as propioplienoney 
CgH^'CO-C,!:!^, hutyrophenoney CgH^-CO-CyTL, &c., are of little 
importance, but benzophenone^ an aromatic ketone of a different 
series, may be briefly described. 

Benzophenone, CqH^( JO - 0^.11^ (diphenyl ketone or b(}nzoyl- 
benzone), may be obtained by lieating calcium benzoate, and by 
treating benzene with benzoyl chloride, or witli carbonyl chloride, 
in the presence of aluminium chloride, 

CJIg + C^jlTs-COCl = C^Hg-CGCJC, -f HCl, 

2C,11, -i- COCl, = CeH,-C0'CeH5 + 2HCL 
It melts at 46°, and, like aromatic ketones in general, does not com- 
bine with sodium hydrogen sulphite ; when distilled over ziiic-dust 
or reduced with amalgamated zinc and hydrochloric acid, it gives 
diphenylmethane 370), just as acetophenone gives ethylbenzene. 

Quinones, 

When quinol (p. 432) is oxidised with an excess of ferric chloride 
in aqueous solution, a yellowish colouration is produced ; the 
solution then darkens (p. 446), acquires a very penetrating odour, 
and, if sufficiently concentrated, deposits yellow crystals. 

The substance formed in this way is named q^dnone (benzo- 
qiiinone), and is the simplest member of a very interesting class of 
compounds ; its formation may be expressed by the equation, 
C„H,(0H), + 0 = C,H,0, + H,0. 

Quinone, is usually prepared by oxidising aniline with 

potassium dichrornate and sulphuric acid. 

Aniline (20 g.) is dissolved in water (500c.c. ) and sulphuric acid (87 c.c.), 
and finely powdered potassium dichrornate (70 g.) is gradually added, the 
whole being cooled (0-5°) anrl constantly stirred. When in the course 
of 2 hours one-third of tlie dichrornate lias been used, the mixture is 
left overnight, cooled again as before, and the rest of the dichrornate 
gradually added. After the lapse of about eight hours, the crude 
quinone is separated by hltrabion, and purified by distillation in steam. 
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The reactions which occur during the oxidation of aniline to quinone are 
not understood, hut aniline black, a very complex substance, is formed 
as an intermediate compound. 

Quinone crystallises in golden-yellow [irisnis, melts at 116°, 
sublimes very readily, and is volatile in steam ; it lias a peculiar, 
irritating, and very characteristic amell, and is only sparingly 
soluble in water, but dissolves freely in many organic solvents. 
It is reduced by sulphurous acid giving quinol (p. 432). 

Quinhydrone^ 0^.11^0.2,0^.11^(011)^,, a dark green, crystalline 
additive compound of quinone and quinol, is formed as an inter- 
mediate product in this reaction, and also during tlie oxidation of 
quinol to quinone with ferric chloride (p. 445). 

Constitution of Quinone . — It is known that the two oxygen 
atoms in the molecule of quinone are in the ;;r/m-position to one 
another because when quinone is reduced, it gives quinol (para- 
diliydroxybenzene), from wbich it is produced by oxidation 
(see above) ; further, when quinone is treated with phosphorus 
pentacbloride, it is converted into para-dichlorobenzene. From 
these facts it would also seem that each of the oxygen atoms is 
combined with a carbon atom by one bond only, and that the 
structure of quinone must be expressed by the formula i. (below). 
But in some respects quinone behaves as if its molecule contained 
two ^C — O groups, each having properties similar to those of the 
carbonyl-groups in compounds such as acetone, acetoplienone, &c. ; 
when treated with a solution of a hydroxylamino salt, for example, 

quinone yields a rnono.vini£, (p-nitrosophenolj p. 397),^ 

and also a dioxime. . 

“ Nn-oh 



iQuinoxie monoxime and p-nitrosophenol are tautomeric (p. 189^ 
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If, from this evidence, it were concluded that quinone is a di- 
kctone, then its structure must he expressed hy the formula ii. 
which is fundamentally different from that of any aromatic com- 
pound so far described, because the closed-cliain of six carbon atoms, 
here shown, does not represent a benzene nucleus, bub contains two 
pairs of imsaturated Q,Q,Yhon atoms, united together in the same way 
as tliose in the molecules of olefinic compounds. This view ia 
strongly supported by the fact that quinone combines directly 
bromine, at or<linary temperatures, in the absence of direct sunlight, 
giving a di- and a tetra-bromide, and CgTI^Br^O^, whereas 

aromatic (benzenoid) compounds as a class do not form such additive 
products. The constitution of quinone, therefore, is represented by 
formula ii. ^ ; tlie compound is not aromatic, but is a diketono de- 
rived from a cyclic di-olejine and its formation from, and conversion 
into, quinol, as well as its transformation into p-dichlorobenzeno 
involve unknown stages. 

Benzoquinone and many other pam-quinones (that is to say, 
quinones in which tlie two carbonyl-groups are in the p«ra- 
position to one another) may be produced by the oxidation, with 
chromic acid or ferric chloride, of many liydroxy- and amino- 
compounds, which contain these substituent groups in the para- 
positioii ; quinone, for example, is formed not only from aniline 
and quinol, hut also by oxidising p-aminophenol, C(.H 4 (OH) NH 2 , 
and p-pheiiylenedianiine, C^H 4 (NHg) 2 , and 'pdolnquinone^ 

= 1:4:2], is obtained in a similar manner hy the oxidation of 
p-toluylenediamiiie, CoH,(NH 2 ) 2 -CH 3 , 1 :4:2], as 

well as from o-toluidine. All jt>ara-qiiinones resemble (benzo ) 
quinone in smell, in having a yellow colour, and in being readily 
volatile (compare p. 487). 

o*Benzoq[uinone, C^jII^Og (formula is a light-red, crystalline 
substance, which is obtained when catechol is oxidised with silver 
oxide in dry ethereal solution (in the presence of anhydrous sodium 
sulphate). It has no smell, is not volatile in steam, and decom- 
poses when it is heated at 60-70° ; it is reduced to catecliol by 
sulphurous acid in aqueous solution. 

m-Quinones are not known (and apparently cannot exist) ; this 
fact afibrds further evidence in favour of the formulse given to 

^Tlie symbols and double bonds should be shown, as here, in writing the 
structural formul* of these quinones. 

Org. 
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the 0 - and p-compoiuids, because a corresponding formula for a m- 
quinone cannot be written. 

When bleachiiig«powtler is used in oxidising amino -coni pounds, such 
as the above, quinone Moroimines and quinone dichlorodiimines are 
formed in the place of quiiiones, 

NH./C 6 IT 4 OH 4Cl - NCbCy 14:0 ^ 3HC1, 

Quinoiio Chloroimine. 

NH, C„H j Nir, + 6C1 = K Cl :C«U4;NC1 = 4HC1. 

Qiiinone DiclilorcKliimiiie. 

The quinone chluroimines and dicblorodiimineH resemble quinone in 
many respects ; tliey are crystalline, readily volatile in steam, and are 
respectively converted into p aininophenol and p-plienylenediamine, or 
their derivatives, on reduction, 

Chlomnil, ():C,}Cl4:() (tetrachloroqninone), is produced by treating 
phenol with hydrochloric acid and potassium chlorate, oxidation and 
chlorination taking place; it crystallises in yellow plates, sublimes 
without melting, and is spariugly soluble in alcohol, and nearly insol- 
uble in water. It is readily reduced to iefracJtloroquinol, HO’C^ChOH, 
and is sometimes used as an oxidising agent in the jireparation of dyes, 
when the use of inorganic oxidising agents is undesirable. 


CHAPTER XXXI. 

CARBOXYLIC ACIDS. 

The carboxylic acids of tlie aromatic series are derived from the 
aromatic Ijydrocarbons, just as those of the aliphatic series are 
derived from the paraffins — namely, by the substitution of one 
or move carboxyl-groups for a corresponding number of hydrogen 
atoms, Tn this, as in other cases, however, one of two classes of 
compounds may be obtained, according as substitution takes place 
in the nucleus or in the side-chain ; benzene, of course, yields only 
acids of the first class, such as benzoic acid, CgHg-COOH, the three 
(o.m.p.) phthalic acids, CgH^(COOH)2, the three tricarboxylic 
acids, CgH3(C00H)g, &c., but toluene (and all the higher lionio- 
logues) may give rise to derivatives of both kinds — as, for example, 
the three toluic acids, CeH 4 (CH 3 ) *00011, and phenylacetic acid, 
CeHjCH^-COOH. 

Although there are no very important differences in the 
properties of these two classes of acids, it is more/€ouvenient 
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to describe tliern separately, taking first tliose coiii})onn(ls in 
which the carboxyl-groups are directly united witli carbon of the 
nucleus. 

Preparation , — Such acids may be obtained by oxidising the 
alcohols or aklebydes, 

+ 20 = CJi.COOH -f H.O, 

C,H,C110 + O - C^H,C( )( )H, 

and by hydrolysing the nitriles (p. 454) with alkalis or mineral 
acids, 

-f 2H.(> - + NH,, 

C,H 4 (CTl 3 ) CN + 2II/) =. C,H,(CH,)-OOOH 4 NH„ 

reactions which are exactly similar to those emj)l()yecl in the case 
of the fatty acids (p. 167). 

Aromatic acids may also be obtained by treating aryl Grigjiard 
reagents (p, 380) with dry carbon dioxide, and then decomposing 
the products with a mineral acid (p. 209). 

Perhaps, however, the most important method, and one which 
has no counterpart in the aliphatic scries, consists in oxidising 
the homologues of benzene with dilute nitric acid, chromic acid, 
or potassium permanganate, 

C^H^CHg 4- 30 = C^H^-COOIT + 11,0, 

'H. CH 3 4 - 60 - CJlj,-COOH 4 - CO “ 4 - 2 H 2 O. 

As a rule, only those acids which contain the carboxyl-group 
united with carbon of the nucleus can be obtained in this way, 
because a saturated side- chain is oxidised to -COOH, no matter 
liow many groups it may contain ; in other words, all 

homologues of benzene which contain only one alkyl-group yield 
benzoic acid^ whereas tliose containing two, give one of the 
phthalic acids. 

The reason for this is that when the side-chain contains more than one 
carbon atom, the -CH.j- group, which is united to carbon of the nucleus, 
is attacked before the terminal --CH 3 group, and the intermediate jno- 
duct, a ketone, then undergoes further oxidation in the usual way. 
When, however, tlie side-chain is unsaturated, it may be possible to 
restrict oxidation to the -CIIiCH- group; from phenylbutplene, 
CeHfl*CH 2 * 0 H 2 ‘CH;CH 2 (p. 478), for example, phenylpropionic acid, 
CeH 5 ‘CH 2 *CH 2 ’COOH (p. 462) might he obtained. 

When two or more side-chains are present, one may be oxidised 
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before the other is attacked, in which case an alkyl-substituted 
acid is obtained (compare mesitylenic acid, p. 345), 

-f 30 C,H4(C1 Is)-C 00H -f HgO, 

30 - C(.H3(0H3)2-C00H f H 2 O. 

Oxidation is frequently carried out by boilin^j; the hydrocarbon with 
nitric acid (1 vok), diluted with water (2-4 vols. ), until brown fumes 
are no longer formed. The mixture is then made slightly alkaline, and 
any unchanged hydrocarbon and traces of iiitroliydrocarbon are sejiar- 
ated by distillation with steam, or by extraction with ether; the 
solution is then strongly acidified, and tlie precipitated acid jmrified 
by recrystallisation. 

Most hydrocarbons are only very slowly attacked by oxidising agents, 
ami therefore it is often advantageous first to substitute chlorine or 
a hydroxy-group for liydrogen of the side chain, as in this way oxida- 
tion is facilitated. Benzyl chloride, a-nd hmzyl acetate, 

CgHji Clh^-O CO'CHa (p. 436), for examide, are much more readily 
oxidised than toluene, because they undergo hydrolysis, giving benzyl 
alcohol, which is then rapidly attacked. 

Ordinary coal is oxidised by an alkaline solution of potassium 
permanganate giving nearly 50 per cent, of a complex mixture of 
benzenecarboxylic acids; ten of the twelve theoretically possible 
acids are thus obtained, the missing compounds being benzoic 
acid and one of the tetracarboxylic acids, C(jno(COOH)^. The 
hexacarboxylic acid, 03(00011)3 (p. 460), is also formed when 
graphite is oxidised with fuming nitric acid. 

Properties . — The inonocarboxylic acids are crystalline, and gener- 
ally distil without decomposing; they are sparingly soluble in cold 
water, but dissolve much more readily in hot water and organic 
solvents. As regards all those properties which are determined 
by the carboxyl group, the aromatic acids are closely analogous 
to the aliphatic compounds, and give corresponding derivatives, 
as the following examples show : 

Benzoic acid, CeHs COOH. Benzoyl chloride, CoHs COCl. 
Sodium benzoate, CgHg'COONa. Benzamide, CgHfl-CO NHa, 

Ethyl benzoate, CfiHu'COOCnHg, Benzoic anhydride, (CgHg *00)^0. 

When heated with soda-lime, they are decomposed with loss of 
carbon dioxide and formation of the corresponding hydrocarbons, 
just as acetic acid under similar circumstances yields methane, 

C3H3COONa + NaOH == CgHg -f KagCOg, 
CeH4(CH8)'COONa + NaOH - CeH.-CHg + Na^COg. 
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Benzoic acid, CgH^'COOH, occurs in tlie free state in many 
resins, especially in gum benzoin and Peru balsam ; it is also 
found in the urine of the ox and tlie horse (ahout 2 per cent.), 
as hippuric acid or bmzoyhjlyrine^ C^jll^/CO'NirCirodXX )H, a 
crystalline compound melting at 187X 

It may be obtained by heating gum benzoin and recrystalli.sing 
the crude sublimate from water ; or by boiling hippuric acid 
with concentrated hydrocliloric acid during about an hour, and 
then cooling the solution, 

CeH^CO-NlPCH^d’OOH + HCl + lh,0 - 

C,,iJ5*c6oH + llCl,NHo'CH,COOH. 

It may also be prepared by oxidising toluene, benzyl alcohol, or 
benzaldehyde, by hydrolysing henzcmilrile. (p. 453) with acids or 
alkalis, 

CeH.CN + mp = C,H5‘COOH + NHg, 
and by treating benzaldehyde with caustic potash or soda 
(Cannizzaro reaction, p. 440). 

Benzoic acid is manufactured by hydrolysing crude benzo- 
trichloride as already described (p. 438), 

2C6H5CCI3 + 4Ca(OT[),, - (C6H,-COO)2Ca + 30aC\^ + 
the benzoic acid is precipitated from the solution of its calcium 
salt with hydrochloric acid and recrystallised or distilled. 

Benzoic acid separates from water in glistening crystals, melts 
at 120*5°, and boils at 249°, but it sublimes very readily even at 
100°, and is volatile in steam ; it dissolves in 400 parts of water 
at 16°, but is readily soluble in hot water and many organic 
solvents. Its vapour has a characteristic odour (which may serve 
for the identification of the acid), and an irritating action on tlie 
throat, causing violent coughing. Most of the metallic salts of 
benzoic acid are soluble in water, and crystallise well, but the 
silvei* salt is only very sparingly soluble in the cold. 

Ethyl benzoate, CeH^-COOCgHg, is prepared by saturating a 
solution of benzoic acid (1 part) in alcohol (3 parts) with hydrogen 
chloride, and then warming the solution (with reflux condenser) 
during about two hours (compare p. 171). 

The excess of alcohol is then separated by distillation, and the oily 
residue is shaken with a dilute solution of sodium carbonate until 
free from acids; the ester is washed with water, dried with calcium 
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chloride, and distilled. A little ether may be used to dissolve the ester, 
if it does not separate well from the aqueous washings. 

It boils at 213 ^, has a pleasant aromatic odour, and is readily 
hydrolysed by boiling alkalis. 

Methyl benzoate boils at 199'’. 

Phenyl benzoate, C^Hg CO OCpHs, prepared by treating jilicnol with 
benzoyl cliloride (below), melts at 71°, and is readily hydrolysed by 
acpieous alkalis. 

Benzoyl chloride, QH^-COCl, is easily obtained by treating 
benzoic acid with pliosphorus pentacliloride. 

The dry acid is placed in a distillation flask, and about 5 ])er cent, 
more than one molecnlar proportion of the pontachloride is added. 
When tl»e rea(3tion is finished, the mixture of phosphorus oxycliloride 
(h.p. 107") and benzoyl chloride is submitted to fractional distillation. 
Tlie whole operation is conducted in a fume-cupboard. 

It is a colourle.ss oil, has a most irritating odour, and boils at 
198 °; it is gradually decomposed by water, yielding benzoic acid 
and hydrochloric acid. Benzoyl chloride is a very important 
laboratory reagent (see below). 

Benzoic anhydride, (C^H5*C0)20, is produced when benzoyl 
chloride is treated with sodium benzoate, just as acetic anhydride 
is formed by the interaction of acetyl chloride and sodium acetate 
(p. 161 ) ; it melts at 42 °, and closely resembles acetic anhydride 
in ordinary chemical properties, hut it reacts only very slowly 
with cold water or sodium carbonate solution. 

Benzoyl chloride and benzoic anhydride, more especially the 
former, are frequently used for the henzoylation of hydroxy- and 
amino-compounds, as they react with such substances, yielding 
h&nzoyl-derivaUves, the univalent henzoyl-giowi^^ CgH^-CO- , taking 
the place of the hydrogen atom of the hydroxyl- or amino-group, 
CeH,*COCl CsH. OH = CeH. CO-O-CsHg -b HCl, 

(CeHg 00)30 -b C2H5 OH = C^Hg CO O CoH, V COOH, 

CgHg COCl -b NHa C^H^ - C^Hg CO NH CfiHs -b HCl. 

As such benzoyl-derivatives usually crystallise much more 
readily than the corresponding acetyl-derivatives, they are 
generally prepared in preference to the latter wlien it is a 
question of the identification or isolation of a substance. 

Benzoyl -derivatives may be prepared by heating the hydroxy- or 
amino-compound with benzoyl chloride alone, or in the presence of 
pyridine (p. 506 ), which combines with the hydrogen chloride formed in 
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the reaction. On a small scale, however, the Schottcn'Baumann method 
may be used : Benzoyl chloride and 10 per cent, caustic alkali are added 
alternately, in small quantities at a time, to the compound, which is 
either dissolved or suspended in water, and, after each addition, the 
mixture is well shaken and cooled. The addition is continued until no 
further formation of the benzoyl-derivative seems to occiiiw Alkali 
alone is then added until the disagreeable smell of benzoyl chloride is no 
longer noticed, and the solution remains permanently alkaline ; unless 
this is done, benzoic acid separates in crystals, and renders the benzoyl- 
derivative impure. Tlie product is finally separated by hltration or by 
extraction with ether, and purified in a suitable manner. The alkali 
serves to convert phenols into their more reactive metallic derivatives, 
to prevent the formation of the less reactive salts of the bases, and also 
to dissolve the benzoic acid which is produced during benzoylation. 

p-Nitrobenzoyl chloride (m.p. 75°) is also frequently used in a similar 
manner, as the p-nitrobenzoyl-derivatives of bases, &c. usually crystall- 
ise well. 

Benzamide, CeHg'CO'NH^, may be taken as an example of an 
aromatic amide ; it may be obtained by reactions similar to those 
employed in the case of acetamide (p. 162), as, for example, by 
shaking ethyl benzoate with concentrated ammonia, 

C^HsCOOC^H, 4 - NH3 = C.H^CO-NHg + 0.3, OH ; 
but it is also conveniently prepared by treating benzoyl chloride 
with excess of dry ‘ ammonium carbonate,’ 

CaHs-COOl + 2(NH4)H003 = CeH 5 C0*NH2 2C02-f2TT20 + NH 4 CI. 

The ammonium carbonate (about 10 g.) is placed in a mortar, the 
benzoyl chloride (4-5 g.) is added, and the two substances are well mixed 
with a pestle; if there is still a strong smell of the chloride at the end 
of about ten minutes, a little more ammonium carbonate is stirred in. 
The solid is extracted with a little cold water, which removes the 
ammonium salts, and is then recrystallised from boiling water. 

Benzamide melts at 128®, and is sparingly soluble in cold, but 
readily soluble in hot, water ; like other amides, it is decomposed 
by boiling alkalis, yielding ammonia and an alkali salt, 

C,H,CONHo 4- KOH = C^sCOOK 4- NHg. 

Benzonitrile, (phenyl cyanide), may be obtained by 

beating benzamide with phosphorus pentoxide, a method similar 
to that employed in the preparation of aliphatic nitriles, 

CeHg-CO-NHg = C^HgCN 4- HgO. 

It cannot be prepared by treating cbloro- or bromo-benzene with 
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potassium cyanide, because the halogen atom is so firmly lield 
that no interaction occurs, but it may be obtained by fusing 
potassium benzenesulpbonate with potassium cyanide (or with 
potassium ferrocyaiiide, which yields the cyanide, p. 312), 

C.H.-SOgK + KCN = CfiHs-CN -f K.SOg, 

It is most conveniently prejmrcd from aniline by Sandmeyer’s 
reaction — namely, by treating a solution of j)henyldiazoniuin 
chloride with potassium cuprous cyanide, 

CJl5-N,CI,2CuCN C,Ji5*CN -p CuCl + Cu(JN N.,. 

Aniline (1 part) is diazotiscd exactly as already described (]>. 403), and 
the solution of the diazonium chloride is then gradually added to a hot 
solution of potassium cuprous cyanide ; the piorluct is distilled in steam 
and extracted with ether. The extract is washed with dilute caustic 
soda, and dried with calcium chloride ; the ether is then distilled, and 
the cyanide is purified by distillation. 

The solution of potassium cuprous cyanide required above is prepared 
by slowly adding powdered potassium cyanide (3 parts) to a hot solution 
of hydrated cupric sulphate (2^ parts) in water (15 parts), 

2 CUSO 4 I 6KCN=2(CuCN,KCN) + (CN)24-2K2S04. 

This and the subsequent operations, including steam distillation, must 
be conducted in a good draught cupboard, on account of the evolution of 
cyanogen and hydrogen cyanide, both of which are highly poisonous 
(pp. 309, 311). 

Benzonitrile boils at 19F, and smells rather like nitrobenzene. 
Its reactions resemble those of the aliphatic nitriles ; thus, it is 
converted into the corresponding acid on hydrolysis with alkalis 
(or mineral acids), 

CgHjCN + 2H2O = CgHg-COOH NHg, 

and into a primary amine on reduction, 

CeH^CN + 4H - 

Other aromatic nitriles, such as the three tolunitrileSy 
0^114(0113) ‘CN, are known ; also compounds such as phrnyl- 
acetonitrile (benzyl cyanide^ p. 462), CgH^’CHg'ON, which contain 
the cyanogen-group in the side-chain. 

Substitution Frodwts of Benzoic Acid , — Benzoic acid is attacked 
by chlorine, bromine, nitric acid, and sulphuric acid, giving a 
wefa-derivative in all cases, according to rule (p. 382) ; when, for 
example, benzoic acid is heated with bromine and water at 125°, 
m-hromobenzoic acidy CgH4Br*COOH (m.p. 155°), is formed. 
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The 0- and 'p-hromohenzoic acids are obtained by oxidising tbe 
corresponding hrowotoluenes with diJute nitric or chromic acid ; 
the former melts at 147^ the latter at 251°. Nitric acid, in tbe 
presence of sulphuric acid, acts readily on benzoic acid, muitro- 
henzoic acid, C 6 H 4 (]SH) 2 ) *00011 (in.p. 140), being the principal 
product ; o-niirohcnzoir acid, (in.j). 147°) and p nitrohcnzoic acid 
(m.p, 240°) are obtained by the oxidation of o- and p-niirotolnene 
respectively (p. 385) ; when these acids are reduced with tin 
and hydrochloric acid, they yield the corresponding aminohenzoic 
acids, C6H4(Nir2) COOH, which, like glycine (p. 202), form salts 
with mineral acids and with bases. 

Anthranilic acid, CgH 4 (NH 0)00011 (o-aminobcnzoic acid), 
was first obtained by the oxidation of indigo (p. 606) ; it is pre- 
pared by treating phthaliniide (p. 458) with sodium hydroxide 
and sodium hypochlorite, 

C,H4<“>NH + NaOCl + 3Na0H=C«H4<^^^^j^^+K.5C0,+NaCl + H 50 , 
and is an intermediate product in the manufacture of indigo 
(p. 607). It melts at 144°, decomposes at higher temperatures, 
giving aniline andcarlx)!! dioxide, and is sj)aringly soluble in water. 


AYlien heated witli sulphuric acid, benzoic acid is converted into m 
sidphobenzoic acid, (/, 3 lJ 4 (S()yH)'C()OH, small quantities of the p-ackl 
also being produced. The o- and p-acids are obtained by oxidising the 
corresponding iohieneaulphovic acids (p. 418). 

The sulphobenzoic acids are very soluble in water ; when fused with 
potash they yield phenolic acids (p. 467), just as benzenesnlphonic acid 
gives phenol, 

CeH^lSOaKl COOK +2K0H = 06H4(0K) C00K ^ KaSOg-f HoO. 

SO 

Saocharin, CgH 4 <^ 00 ^^NH, is the imide of o-sulphohenzoic acid, and 

is remarkable for having the sweetening effect of about 400 times its weight 
of sucrose. It is prepared from toluene, which is first treated with chloro- 
sulphonic acid (p. 416) ; the resulting o-toluenesnlphonyl chloride is 
partially freed from the p-compouiid by freezing out tlie latter, and 
converted into its amide with ammonia. The purified amide is oxidised 
with alkaline potassium permanganate and the product is treated v ilh 
acid in order to decompose the potassium salt ; the free acid then loses 
water yielding saccharin (m.p. 220 ’’), 




.SO..NH. 


The ammonium salt of the imide, sucramine, is soluble in water and has 
an even greater sweetening power than saccharin. 
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The three (o.m.p.) toluic acids, CflH4(Cn3)’C001I, may be 
produced by oxidising the respective xi/lenes witli dilute nitric acid, 

+ 30 = C6H,(ch3)*cooh + h^o, 

but the 0- and p-acids are best prepared by converting the corre- 
sponding toluidines into the nitriles by Sandmeyer's reaction 
(p. 402), and then hydrolysing the latter with acids or alkalis, 


P TJ ^^^^3 p TJ ^^3 




^COOH. 


The O f m-, and p-toluic acids melt at 107°, 112°, and 18T° 
respectively, and resemble benzoic acid very closely, but since 
they contain a methyl-group, they have also properties which 
are not shown by benzoic acid ; on oxidation, for example, they 
are converted into the corresponding phihalic acidSy just as 
toluene is transformed into benzoic acid. 

Dimrhoxylic Acids, 

The important dicarboxylic acids are the three (o.m.p.) jihthalic 
acids^ or benzenedicarboxylic acids, which are respectively repre- 
sented by the formulae. 


COOH 


COOH 



COOH 


'COOH 



'OOOH 



COOH 

Phtlmlic Acid, Isophthalic Acid. Tcrephthalic Acid. 

These compounds may be prepared by the oxidation of the 
corresponding xylenes (dimethylbenzenes) with dilute nitric acid, 
or by treating the iolidc acids with potassium permanganate in 
alkaline solution, 


.CH, 


.COOH 


4- 60 — ^6^4^0QOH ^ ^^2^’ 

^6^4*^000^ 4" 30 == + HgO. 


They are colourless, crystalline substances, and have the prop- 
erties of aliphatic dicarboxylic acids. They yield normal and 
hydrogen metallic salts and esters, acid chlorides, amides, &c., 
which are formed by reactions similar to those employed in the 
preparation of corresponding derivatives of dicarboxylic acids of 
the aliphatic series. 
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Phthalic acid, like succinic acid (p. 247), is converted into 
its anhydride when it is strongly heated. 



but an anhydride of isoplithalic acid or of terephihalir acid 
cannot be produced ; it is, in fact, a general rule that the forma- 
tion of an anhydride from one molecule of an acid (an inner 
anhydride) takes place only when the two car])oxyl groups com- 
bined with the beM?:ene nucleus are in the o-position, never when 
they occupy the m- or p-position (compare p. 345). 

When cautiously heated with soda-1 irne, all these dicarboxylic 
acids yield benzoic acid, 

C«f^4<C00Na + = C«H,-CO( )Na + Na.CC),, 

but at high temperatures both carboxyl-groups are displaced by 
hydrogen, and benzene is formed. 

When phtljalic acid is strongly heated with about twice its 
weight of resorcinol, fluorescein (p. 592) is produced, and the 
reddish-brown product, when dissolved in caustic soda and 
poured into a large quantity of water, yields a solution having 
a green fluorescence. This reaction is shown by all the o-dicarb- 
oxylic acids of the benzene series, but not by the m- and p- 
dicarboxylic acids ; it is also shown by acids of the aliphatic 
series, such as succinic acid, which give inner anhydrides, and 
may therefore be used for the identification of such com- 
pounds. When the anhydride of the dicarboxylic acid, unlike 
that of phthalic acid, is not readily formed, a drop of sulphuric 
acid is added before the mixture is heated. 

Phthalic acid, C 6 H 4 (COOH )2 (benzene-o-dicarboxylic acid), may 
be obtained by oxidising o-xylene or o-toluic acid] it used to be 
manufactured by oxidising naphthalene (p. 476) Avith sulphuric 
acid, in the presence of mercuric sulphate : 

Naphthalene dissolves iu hot concentrated (or fuming) sulphuric acid, 
giving snlphonic acids. At al)oiit 296-300“, in the presence of about 3 per 
cent, of mercuric sulphate, these acids are rapidly oxidised , sulphur dioxide 
is evolved, and phthalic anhydiide sublimes or distils. The crude anhy- 
dride is separated, washed with water, dried and sublimed. 
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In the lalx)ratory, naphthalene (1 part), concentrated snlpliuiic acid 
(8 paits), and nierciiric sulphate (01 })art) are gradually heated together 
in a retort until most of the contents (except the mercuric salt) have dis- 
tilh'd. The anhydride is separated, washed with water, and dissolved in 
boiling caustic soda ; from the hltcred solution phthalic acid is precipitated 
on the addition of sulphuric acid. 

The acid is now o])taiiie(l from its anhydride, which is inariii- 
factiired by tlie atmospheric oxidation of naj)litbaleiie, at a])Out 
330°, ill the presence of vanadium pentoxide. 

Plitlialic acid crystallises in prisms, and melts from about 184°, 
with tlie formation of the anhydride, so that, when the melted 
substance has solidified, and the melting-point is again determined, 
it is found to bo about 128° (that of the anhydride). 

Phthalic acid dissolves in about 100 parts of water at ordinary 
temperatures; it is readily soluble in many organic liquids. Tlie 
hariuin salt, C(jH 4 (COO)oBa, precipitated on tlie addition of 
barium chloride to a neutral solution of the ammonium salt, is 
very sparingly soluble in water. 

Ethyl phfhalate^ G^.H^(COOC 2 Hr,) 2 , is readily prepared by 
saturating an alcoholic solution of phthalic acid (or its anhydride) 
witli liydrogen chloride. It is a liquid (b.p. 288°). 


Phthalyl chloride^ C«H4(C0C1)2, is prepared by heating phthalic an- 
hydride (1 mol.) with phosphorus peiitachloride (1 mol.). It is a 
colourless oil, boils at 275' (726 miu.), and is slowly decomposed by 
water, with regeneration of phthalic acid. In many of its reactions 
it behaves as if it had the constitution represented by the formula, 


0«H4< 


CClo 

CO 


^0 (compare succinyl chloride, p. 248). 


.CO 


Phthalic anhydride, produced when phthalic 


acid is heated at about 200°. It sublimes readily in long needles, 
melting at 128°; it does not dissolve immedintely in a cold 
solution of sodium carbonate, but is readily hydrolysed by alkalis. 
It is used in the manufacture of glyptal plastics and dyes. 

CO 

Phthalimide, CgH.j<^Q^NH, may be prepared by beating 


an intimate mixture of phthalic anhydride (5 parts) and dry 
ammonium carbonate (6 parts). 

The mixture is heated in a small flask over a wire gauze ; it first 
becomes pasty and then gradually hard again in the course of about 
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16 minutes. The product is recrystallised from boiling water or 
aqueous alcohol. 

It melts at 238“ and is an intermediate product in the synthesis 
of indigo from naphthalene (p. 607). 

Phthalimide, like siiccinimide (p. 248), yields a potassium 
CO' 

derivative, C< 3 ldj<^. ">NK, with alcoholic potash, and this 
OO 

comjjouiid, as was shown by Gabriel, is very useful in the pre- 
paration of primary amines and their derivatives (]>. .543). 

Potassium phthalimide, or a mixture of the imi<le and dry potassium 
carVumate, reacts witli alkyl halides, aliphatic di-halides, smdi as ethylene 
dihromide, etc., giving suhstituted phthalimide.s, 

(;ai4<[io*>NK f CUI.+ KI, 

EUiylplitlialiniidfl. 

("’O (M) 

C6il4<(x)>N K 4 P lf,Pr -CH.Br = )>N OH, CHgBi -f KBr, 

nroinoetbyljdithaliiuide. 

20„H4<|^;|^>NK + CFIjBrCHsBi- 

Etliylenediphtlialiinide. 

Tln‘se products are decomposed l>y mineral acids and hy alkalis (most 
readily by hydrazine), giving an amine, or a bromo- or hydroxy-amine; 
tthyljihilialimida, for example, gives ethyhimine, whereas hroitwethyl- 
phthalimide gi\e,s hro^noethylamine, iNH.^'PlLK.'li^Br, or aminoethyl 
alcohol, Nllo'ClI^ddl./Oll, according to the reagent used, Ethylene- 
diphlhalimide yhdds ethy lent' diamine, iS'IIy’CTl^'Cno’IS Ho. 

Isophthalic acid, CJT 4 (COOH )2 (benzene-m dicarboxylic acid), 
is produced by oxidising m-xijlmie witli nitric acid or cliromic 
acid ; or from m-toluic acid (p. 456), by oxidation with potassium 
permanganate in alkaline solution. 

It crystallises in needles, melts above 300“, and when strongly 
heated sublimes unchanged ; it is very sparingly soluble in water. 
Methyl isoplitlialate^ C(}IT 4 (COOCH 3 ) 2 , melts at 65“. 

Terephtlialic acid, C^H 4 (COOH )2 (benzene-p-dicarboxylic acid), 
is formed by tlte oxidation of ^xylene, 'pdoluic acid^ and of all 
di-alkyl substitution derivatives of benzene, whicli, like cymene, 
CH 3 'CeTf 4 'CH(CH. 3 ) 2 , contain the alkyl-groups in the p-posilion. 
It is best prepared by oxidising p-toluic acid (p. 456) in alkaline 
solution with potassium permanganate. 
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Terephthalic acid is almost insoluble in water, and, when heated, 
sublimes without melting; the in ethyl C(jH 4 (COOCH 3 ) 2 , melts 

at 140°. 

Isophthalic acid, tereplitlialic acid, and other acids which have an 
indefinite in el ting point, or which melt above 300°, are best identified 
with the aid of their metliyl esters, wliich generally crystallise well, and 
melt at comparatively low temperatures. 

To identify it, the acid {0‘l-0T)g. ) is warmed in a test-tube witli about 
three times its weight of j>lio.sphorus pcntachloride, and the clear 
solution, wliich now contains the chloride of the acid, is poured into 
exces.s of methyl alcohol. As soon as the vigorous reaction has subsided, 
the liquid is diluted with w.ater, arid the crude methyl ester is collected 
and recrystallised ; its melting-point is then determined. 

Benzenehexacarboxylic acid, C,.(C()OH)^;, as already mentioned 
(p. 450), is formed by the oxidation of graphite or of coal. Its 
alutninhini salt, C(j(COC))^.Al.„18Il./), occurs naturally in crystals 
in certain beds of brown-coal, or lignite, and from its appearance 
was called honey-sfonc ; the acid isolated from this sidt was named 
meJlitie acid (lat. inely honey), and was afterwards obtained by 
oxidising hexametkylhenzme^ Cj.(CIl 3 )j 5 , witli potassium per- 
manganate. The acid crystallises in lustrous needles, is readily 
soluble in water, decomposes when it is heated, and gives benzene 
when its sodium salt is distilled with soda-lime. 

Phenylacefic Acid, Phenyl propionic Acid, and their 
Derivatives. 

Many aromatic compounds already described have been shown 
to have certain properties similar to those of members of the 
aliphatic series, and it has been pointed out that this is due to 
the presence,’ in the former, of groups of atoms (side-chains), 
wliich have an aliphatic structure; benzyl chloride, for example, 
has many properties in common with methyl chloride, benzyl 
alcohol with methyl alcohol, benzylamine with methylamino, and 
so on, because similar groups or radicals confer, as a rule, similar 
properties on the compounds in which they occur. Since, more- 
over, nearly all aliphatic compounds may theoretically he converted 
into aromatic compounds of corresponding types, by the suhstitn- 
tion of a phenyl-group for hydrogen, it follows that any series of 
aliphatic compounds may have its counterpart in the aromatic 
group. This is well illustrated in the case of the carboxylic 
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acids ; corresponding with the aliphatic, there is a series of 
aromatic acids, whicli may he regai'ded as derived from tlie former 
in the manner just mentioned. 

Formic acid, H*COOH, 

Benzoic acid, OeH^'COOH (plienylformic acid). 

Acetic acid, CHg'COOH, 

Phenylacetic acid, CgHji'CH./COOH. 

Propionic acid, CHg-CHj COOH, 

Pheiiylpropionic acid, Clip COO H. 

Butyric acid, CHg CHp CHp COOll, 

Phenylbutyiic acid, CgH^ CHo CHu CUp COOH. 

With the exception of benzoic acid, the above aromatic acids 
are derived from the aromatic hydrocarbons by ilie substitution 
of carboxyl for hydrogen of tlie side cliahiif They have not only 
the characteristic properties of aromatic compounds in general, 
but also those of aliphatic acids, and, like the latter, they may he 
converted, in many cases, into unsaturated compounds by the loss of 
two or more atoms of hydrogen; the coni])Ounds thus produced 
correspond witli the unsaturated aliphatic acids, as the following 
examples will show : 

Propionic acid, CHg CIla COOH, 

Pheiiylpropionic acid, CgHg CHa'CHp COOH. 

Acrylic acid, CHgiCH COOH, 

Plienylacrylic acid, Cell^'CHiCH COOH. 

Propiolic acid, CH iC COOH, 

Pheiiylpropiolic acid, CgH^'C ; C*COOH. 

Preparation . — Aromatic acids, containing the carboxyl-group in 
the side-chain, may be prepared by carefully oxidising the cone- 
sponding alcohols and aldehydes, and by hydrolysing the corre- 
sponding nitriles with alkalis or mineral acids, 

CeH5*CH2*CN -f 2 H 2 O = CeHsCHgCOOH + NHg, 
but these methods are limited in application, owing to the 
difficulty of obtaining the requisite substances. 

The more important general methods are : (1) By the reduction 
of the corresponding uiisaturated acids, many of which are 
prepared without much difficulty (p. 463), 

CgH^-CHiCH-COOH -h 2H - CgH^-CHg-CHg-COOH. 

(2) By the interaction of the sodium compound of ethyl malonate 
or of ethyl acetoacetate and a halogen derivative of an aromatic 
hydrocarbon. As, in this method, the procedure is exactly 
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similar to that employed in preparing aliphatic acids (pp. 183- 
184), one exaTn})le only need be given — namely, the synthesis of 
phenylpropioni c acid. 

The sodium compound of ethyl inalonate is heated with benzyl 
chloride, and the ethyl hemylmalonate which is thus produced, 

CfiHgCHgCl + CHNa(COOaH,),-C6H5CH./CH(C()OC2nc)2 + NaCl, 
is hydrolysed with alcoholic potash. The hemiyhnalonic acid is 
then isolated, and lieated at 200°, Avhen it is converted into 
2)he7iyJ propionic acid^ with the loss of carbon dioxide, 

C«H,-CIb,CH(COOTT),-^ C^H^CH^CH./CO + CO^. 

It should be remembered that only those halogen derivatives in 
wliich the halogen is in the side-chain can be employed in such 
syntheses, Vjecause when the halogen is united with the nucleus, 
as in monochlorotoliienej 0^,11^01 CHy, for example, no action takes 
place (compare p. 374). 

Phenylacetic acid, C(.H 5 'CH 2 COOH, is prepared by boiling an 
alcoholic solution of benzyl chloride with potassium cyanide during 
about three hours; the benzyl cyanide (b.p. 232°), which is thus 
formed, is isolated by fractional distillation and hydrolysed with 
boiling diluted sulphuric acid, 

C,H,-CH,C1 — CeH. CHg-CN CoH. CH^-COOH. 
Phenylacetic acid melts at 76'5°, boils at 265°, and crystallises 
from water in glistening plates ; it has a characteristic smell, 
and forms many derivatives just as do benzoic and acetic acids. 

When oxidised with chromic acid it yields benzoic acid, a 
change very different from that undergone by the isomeric 
toluic acids (p. 456), 

C.H.-Cir^-COOII + 30 == C^H^-COOH + CO, -f H^O. 

Phenylethyl alcohol^ CoHg'CH 2 ’CH 2 *OII (b.p. 219°), prepared by reducing 
ethyl pheiiylacetate with sodium and alcohol, and phenylacetaldehydey 
Celig'CH.j’CHO (b.p. 206°), obtained by oxidising the alcohol, are used in 
perfumery ; the former smells like roses, the latter like hyacinths. The 
aldehyde polymerises readily, giving various products. 

/^l-Pheuylpropionic acid, C^H^-CHg-Ca/COOH (hydrocinnamic 
acid), is conveniently prepared by reducing cinnamic acid (see 
below) with sodium amalgam and water, 

CeH,‘CH:CHCOOH -f 2H = C.HsCHgCHg-COOH, 

but may also be obtained from the product of the action of benzyl 
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chloride on ethyl sodionialonate as already described (p. 462). It 
crystallises from water in needles, melts at 47°, and boils at 280°. 

Cinnamic acid, Cglfs CHiCII COOH (/il-phenyl acrylic acid), is 
closely related to /^-phenylpropionic acid, and is perhaps the best- 
known UHsaturated aciil of the aromatic series. It occurs in large 
proi)ortions in storax {Styrax officinaUs)^ partly in the free state, 
and may be obtained by gently warming this vegetable product 
with caustic soda ; the filtered aqueous solution of sodimn cinnam- 
ate is treated with hydrochloric acid, and the precipitated 
cinnamic acid is purified by rccrystallisation from light petroleum. 

Cinnamic acid is prepared by heating benzaldeliyde with acetic 
anhydride and anhydrous sodium acetal e {Pei'kin reaction), 
C^illgCHO -f ClIg-COONa - Cy I^CILCHCOONa + 11,0.^ 

A mixture of benzaldeliyde (10 parts), acetic anliydride (15 parts), and 
anhydrous sodium acetate (5 parts) is boiled in a flask heated in an 
oil-batli (air condenser). After about eight hours’ time, the mixture 
is poured into water, and distilled in steam to separate any unchanged 
benzaldeliyde ; caustic soda is then added in excess, and the hot solution, 
filtered from oily and resinous impurities, is strongly acidified with 
liydrochloric acid; the precipitated cinnamic acid is purified by le- 
crystallisation from boiling water. 

This reaction is a very important one for the preparation of 
unsaturated aromatic acids, as, by employing the anhydrides 
and sodium salts of other aliphatic acids, homologues of cinnamic 
acid are obtained. When, for example, benzaldeliyde is heated 
with sodium propionate and propionic anhydride, phenyl methyl- 
acrijllc acid {a-inethylcinnarnic acid), CgHr/CH:C(CIl 3 )’COOH, 
is formed ; P-be7izyUdenepropio7iic add, C( 5 H 5 'CH:CH'CH^,*COOH, 
is not obtained in this reaction, because combination always takes 
place between the aldehyde oxygen atom and the hydrogen atoms 
of that -CHg- group which is united with tlie carboxyl radical. 

p-Benzylulenepropionic acid, however, may he prepared by heating 
benzaldeliyde with a mixture of sodium succinate and succinic an- 
hydride, carbon dioxide being eliminated, 

CftHgCHO + COOHCH.,*CIl3COOH = 

CeHc'ClLCHCH.-COOH + C0.2 + H.,0. 
It melts at 86% and boils at 302’ ; at its boiling-point, it is gradually 
converted into a naphthol and water (p. 478). 

1 Possibly the aldehyde condenses with the anliydride and the product, 
C«H6*CH:CH*CO O*CO CHa, is subsequently hydrolysed. 

Org 31 
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Other aldehydes wliich contain the aldehyde group directly united to 
the niicleuB may be used in the Perkin reaction ; the three toluic 
aldehy deify for example, give with sodium acetate and 

acetic anhydride the three (o.in.p.) methylchinamic acidsy 

CHaCeH^CHiCHCOOH. 

Cinnamic acid crystallises from water in needles, and melts 
at 133 °. Its chemical behaviour, in many respects, is similar 
to that of acrylic acid and otlier unsatiirated alipliatic acids ; 
it combines directly with bromine, for example, yielding f 3 - 
}dienijha[ 3 -dihromopropi<mic acidy C^jHr/('HJ>r*CJllb“COOH, and 
with hydrogen ])romide, giving f 3 pheni/l-/ 3 -bnmiopro 2 ^io)ii(' acid, 
C,H,-CHIir-Cir2C0011. 

A solution of cinnamic acid in sodium carbonate immediately 
reduces a dilute solution of potassium permanganate at ordlnarif 
temperatures ; all vnsaturaied acids show this behaviour, and 
are thus easily distinguished from saturated acids (Baeyer), but 
liot from phenolic acids, phenols, and several other types of 
compounds which may reduce alkaline permanganate very readily. 
On reduction with sodium amalgam and water, cinnamic acid 
is converted into /S-phenylpropionic acid (p. 462 ), just as acrylic 
acid is transformed into propionic acid. 

When distilled witli soda-lime, cinnamic acid is decomposed 
into car])on dioxi<le, and phen iflethylene or styreney^ 

CejHs-CHiCHCOONa + .NaOH = C^H5-CH:C11, + NagCOg. 

Concentrated nitric acid converts cinnamic acid into a mixture of 
about equal quantities of o- and "p nitrocimiamic acidSy 

NO3) CH :CH COOH . 

For their separation, these acids are converted into their ethyl esters, 
CfiIl4(N02)'CH:CH‘C00C2H5 (by means of alcoliol and hydrogen 
cliloride) ; the sparingly soluble eater of the p acid separates, while the 
readily .soluble ethyl <i-nitrocinnamate remains in the solution. From 
the pure esters the acids are then regenerated, by hydrolysis with dilute 
siilpliuric acid. They resemble cinnamic acid closely in properties, and 
combine directly with bromine, yielding the corresponding nitrophenyh 
dihromopropionic acidsy CgH4(N02)’CHBr CHBr C00H. 

' Styrene, C 6 H| 5 'CH:OH 2 , may be taken as a typical example of an aromatic 
hydrocarbon containing an umsalurated side-chain. It boils at 145®, and in 
chemical properties shows a very close resemblance to ethylene, of which it is 
the phenyl-substitutioii product. With bromine, for example, it yields a 
dibromo-additive product, C 6 Ho*CHBr‘CH 2 Br {dibromoetkylbenmie), and when 
heated with hydriodic acid, it is reduced to ethylbenzene, CsHs'CHa’CHg. 
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Slcreoisoma'Lsm of Aromatic Olefnic Acida.- Some of tlie iiiisaturated 
iicids of the aromatic series are known in stereoisomcric (c/.v- and irans ) 
forms, corresponding; reHj)ectively with maleic and fiiinaric acids. 
Allocinnamic acidy Cglln'CIIiCU'COOH, for exanii[)]e, is a stereoisoni- 
eride of cinnamic acid, ami occurs, together with the latter, in certain 
by-products from the preparation of cocaine ; it exists in three din'erent 
crystalline modifications, melting at 42°, 58°, and 68° respectively, and 
probably represents the r/.v isomeride, in u hich the CgHr- and -(X)()I1 
groups occupy positions corresponding with those of the two - C-OOH 
groups in maleic acid (p. 280). Cinnam/ylidcncacMic acid (see below) also 
exists in stereoisomeiic foims, both of Avliich are produced in the given 
reaction. 

Many olefinic acids, not- only of the aromatic, but also of the 
aliphatic series, undergo an interesting change when they a»e heated 
with concentrated acjiieous alkalis, lienzylidene{)ropionie acid, 
CIf*, CUOU (p. 403), for examjjle, is partly converted into 
fa structural isomeride, CgHe'Cllo'C-thCII (.’(_)( )I1, owing to the migration 
or shifting of the double binding from tlie f3y- to the afi }>osition. Tn 
such changes, particularly in tlie case of aliphatic acids, the general nih? 
is, that the double binding in the molecule of the prt)duct is nearer to 
the oarhoxyl-group than that in the molecule of the original siihstance. 
The (dianges probably involve the addition and then the eliniination of 
the elements of water, and are usually reversible : 

-CH:OII CIL ► -CH.yCIl(OH) OH,- - - 

Cinuamic aldehyde^ C(iH 5 ’CII;CH*CnO, is the principal component 
of oil of cinnamon, from which it may he extracted with the aid of a 
solution of sodium hydrogen sulphite. It may lie obtained by heating a 
mixture of the calcium salts of cinnamic .and formic acids, or by 
condensing benzaldehyde with acetaldehyde, in the })re&ence of sodium 
ethoxide. 

It boils at 252°, and has a characteristic aromatic odour ; on ex])Osure to 
the air, it is oxidised to cinnamic acid. Its hydrazonc melts at 168°. Cin- 
namic aldehyde, likebenzaldehyde, condenses readily witli many ot hereom- 
pounds ; thus, when treated with malonicaifid, in the preseiive of pyridine, 
it gives cinnamylidcnemalonic acidy C,jH 5 '(’il:CIl'C[l:C(C() 01 i). 2 , which 
decomposes into cinnamylidenmcetic acidy C6H{j'CH:CIl’CII :CII‘COOn, 
and carbon dioxide wlicn it i.s lieated (p. 246), 

Many other unsaturated acids, both alij)hatic and aromatic, are pre- 
pared by condensing an aldehyde with malonic. a(ud. 

Phenylpropiolic acidy Cyllg'CiC’COOH, is obtained l»y treating ]>beiiyl- 
a/iJ-dibromopropionic acid (p. 464), or its ethyl ester, with alcoliolic potash, 

CeHg CH Br CHBr COOH = 0,.Hg C : C COOK + 2H Br, 

a method which is exactly similar to that employed in preparing 
acetylene by the action of alcoholic potash on ethylene dibroniide. 
It melts at 137°, and .at higher temperatures, or when heated with 
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water at 120°, it deeorni)Oses into carbon dioxide and pheMylacetylene, 
a colourless liquid (b.p. 140°) which is closely related to acetylene in 
chemical properties, 

C.HsC. COOOH -OeHoC iOH + 00,. 
o-NitropheiUflprojnolic acidy CgHdNOgl'C ■ 0*000 H, may be similaily 
pre}>ared from o nitropheiiyldibroniopropioiiic acid ; when treated with 
reilucing agents, such as hydrogen sulphide, or glucose and alkali, it is 
converted into indigo-blue (Baeyer), 

+ 4H = C,eH,„()5N2 + 2CO, + 2H,p. 

This method of preparation, however, is not of technical value. 


CHAPTER XXXIL 

PHENOLIC AND HYDROXY-CARBOXYLIC ACIDS. 

The liydroxy-acid.s of the aroiuatic series are derived from 
benzoic acid and its homologues, by the substitution of hydroxyl- 
groups for hydrogen atoms; like the simple liydroxy-derivatives 
of tlie aromatic hydrocarbons, they may be divided into two 
classes, according as the hydroxyl-group is united with carbon of 
the nucleus or of the side-chain. In tlie first case, the hydroxyl- 
group has the same character as in phenols, and consequently 
hydroxy-acids of this class, as, for example, the three (o.m.p.) 
liydroryhenzoic acids^ 0^11^(01^) *00011, are both phenols and 
carboxylic acids; in the second case, however, the hydroxyl-group 
has the same character as in alcohols, so that tlie compounds of 
this class, such as mandelic acid, CgH 5 'CH( 0 H)-C 00 H, have 
properties resembling those of aliphatic hydroxy-acids ; in other 
words, the differences between the two classes of aromatic 
hydroxy-acids are practically the same as those between phenols 
and alcohols. 

As those acids which contain the hydroxyl-group united with 
carbon of the nucleus form by far the more important class, they 
will he described first, and the following statements refer to 
them only. 

Freparation , — The phenolic acids may be prepared from the 
simple carboxylic acids, by reactions exactly similar to those 
employed in the preparation of phenols from hydrocarbons ; that 
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is to say, tlie acids are converted into iiitro-conipomids, then into 
amino-compounds, and the latter are treated with nitrous acid 
in the usual manner, 


CeHgCOOH — .CeH4< 


COOH 

NO., 


— ( W4< 


COOH 

nil, 


— C«H,< 


COOH 

OH 


or, the acids are heated with sulphuric acid, and the sulplionic 
acids obtained in this Avay are finsed witli a caustic alkali, 




COOH _ ^GOOH 

JJ 

It must he borne in mind, however, that as the carboxyl group 
of the acid determines the jmsition taken up by the nitro- and 
sulphonic-groups (p. 382), only the m-hydroxy-coinpounds arc 
formed by these two methods. 

The o-phenolic acids, and in some cases the p-compounds, arc 
most conveniently prepared from the phenols by one of the 
following methods : 

The dry sodium compound of a phenol is heated at about 200'" 
in a stream of carbon dioxide (Kolbe), 

2CeH,ONa + CO, = >H. 


Under tliese conditions half the phenol distils over and is 
recovered ; hut if the sodium phenate is saturated with carbon 
dioxide under pressure at about 100'", it is converted into sodium 
phenylcarhonate^ Avhich, at about 130° under pressure, is trans- 
formed into a derivative of the phenolic acid, 


C,,H,*ONa -f COo — CeH^-O-COONa — 0,11, 


COOH 

ONa 


The sodium phenylcarhonate decomposes into carbon dioxide and 
sodium phenate, which re-nnite to form the fmal product. 

Many dihydric and trihydric phenols may he converted into 
phenolic acids, by merely heating them in aqueous solution witli 
ammonium (or potassium) hydrogen carbonate ; when resorcinol, 
for example, is treated in this way, it yields a mixture of isomeric 
resorcylic acids, CgH 3 (OH) 2 'COOH. This reaction affords a 
striking illustration of the readiness with which hydrogen atoms 
of the nucleus may he displaced in the case of certain substitution 
products of benzene (compare pp. 393, 425). 

The second general method for the preparation of phenolic 
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acids from phenols consists in boiling a strongly alkaline solution 
of the phenol with carbon tetrachloride ; the principal product is 
tho p-acid, but varying })roportioiis of the o-acid are also formed, 

C.Hj OK + CCl, f 5KOH = + 4KC1 + SHjO. 


The ]>lienol (1 mol.) is dissolved in a concentrated aqueous solution of 
potassiiiTii hydroxide (Omols. ), carbon tetrachloride (1 mol.), and enough 
alcoliol to form a Immogeneous solution are added, and finally a small 
proportion of precipitated copper. After the substances have been heated 
together during 8-10 iioiirs, any unchanged carbon tetrachloride is steam- 
distilled, water is ad<led, and the filtered aqueous sohition is treated with 
an exces.s of acid and extracted with ether ; tin? etliereal extract is then 
shaken with a solntion of sodinni carbonate, which extracts the acids, 
leaving any phenol <li.ssolved in the ether. The phenolic acids are then 
precipitated with a mineral acid, ami purified hy iccrystalliHation. 

This method is an extension of that of Tiemann and Reimer 
([>. 442 ), and it may he assumed that the changes which occur 
take place in vai ious stages, as indicated below : 




. CCl, 




^C(OH), 

OH 


.coon 


Propertle.^, -The phenolic acids are colourless, crystalline sub- 
stances, more readily soluble in water, and less volatile, than the 
acids from which they are derived ; many of them undergo 
decomposition when heated strongly, carbon dioxide being evolved; 
when heated with soda-lime they are all decomjmsed, with forma- 
tion of (sodium derivatives of) jdienols, 

C,H4(ONa)-COONa + NaOH - C^H^'ONa -p Na^COg, 
C6Hg(ONa)2-COONa -f NaOH - C6H4(ONa)2 + NagCOg. 

The o-acids, as, for example, salicylic acid, give, in neutral 
aqueous solution, a violet colouration with ferric chloride, whereas 
the m- and p-acids, such as the m- and 'j^-hydroxyhenzoic acids, give 
no colouration. 

The phenolic acids show tlie chemical properties of both phenols 
and carboxylic acids. As carboxylic acids, tljey form salts by tlm 
displacement of the hydrogen atom of the carboxyl-group, such 
salts being obtained when the acids are treated with carbonates 
or with one equivalent of a metallic hydroxide ; when, however, 
excess of alkali hydroxide i.s employed, the hydrogen atom of tlie 
phenolic group is also displaced, just as in the case of phenols. 
Phenolic acids, tliereforo, form both mono- and di-nietallic 
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salts ; salicylic actd^ for example, yields tl)e two sodium salts, 
C,H 4 (OH) COONa and C 6 n 4 (ONa)*COONa. 

The di-metallic salts are decomposed by carbonic acid, giving 
jnono-metallic salts, just as the pbenates give phenols : tlie metnl 
ill combination with tlie carboxyl-group, however, cannot be dis- 
placed in this way. 

The esters of tlie phenolic acids are prepared in tlie usual 
manner — namely, by saturating a solution of the acid in excess 
of the alcohol with hydrogen chloride (p. 172); by this treatment 
the hydrogen of the carboxyl-group only is displaced, ordinary 
esters, such as methyl salicylate, C^IJ 4 (OH) COOGH 3 , being formed. 
These compounds still have phenolic properties, and dissolve in 
caustic alkalis, forming metallic derivatives, such as jioiassinm 
'methyl salicylate, C(jll 4 (OK)-COOCH 3 , which, with alkyl Italides or 
dimethyl sulphate, yield alkyl-derivatives, such as methyl o^eihoxy- 
henzoate,^ C(jH 4 (OC 2 Tf 5 )’COOCIl 3 . On hydrolysis with alcoholic 
))otash, only the alkyl of the carboxyl-group is displaced from 
di-alkyl compounds of this kind ; methyl ethoxybenzoate, for 
example, yields the potassium salt of etlioxyhenzoic ncid, 


+ enroll. 

The other alkyl-gronp is not eliminated even by boiling alkalis, 
a behaviour wbicli corresponds with that of the alkyl-group in 
derivatives of phenols, such as anisole, CgH^'OCH^ (p. 426). Just, 
however, as anisole is decomposed into phenol and rnetliyl iodide 
when it is lieated with hydriodic acid, so etlioxyhenzoic acid, 
under similar conditions, yields the phenolic acid (compare ]>. 528), 


^COOH ^..COOH 

-()H 


+ a}Ti. 


Salicylic acid, CflH4(OH)-CO()H (o hydroxy benzoic acid), occurs 
in the blossom oi Spircea uhnaria, awdi is also found in considerable 
quantities, as methyl salicylate, in oil of wintergreen (Oanlfhena 
proenmhens). It used to be prepared, especially for pharmaceutical 
purposes, by hydrolysing this oil with potash. 

Salicylic acid may be obtained by oxidising salicyl aldehyde 


^ This compound might be called methyl cthyUnlicyhite, but such a name would 
be ambiguous, as it might also be given to the various isomeridca of the formula, 
C6H3(C,H5)(0H)C00CH3, 
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(p. 442), or salicyl alcohol (saligenin, p. 471), with chromic acid, 
by treating o-aminohcnzoic acid (anthranilic acid, p. 455) with 
nitrous acid, and also by l)oiling phenol witli caustic soda and 
carbon tetrachloride (p. 468). 

It is prepared on the large scale by treating sodium phenale 
with carbon dioxide under pressure, first at about 100' and then 
at about 120-140'’ (compare p. 467); the product is dissolved in 
water, and the salicylic acid is preci])itated with hydrochloric acid. 

Salicylic acid is sparingly soluble in cold (1 in 400 parts at 15°), 
but readily so in hot, water, from which it crystallises in needles, 
melting at 155° ; its neutral solutions give with ferric chloride an 
intense violet colouration. When rapidly lieated it sublimes, and 
only slight decomposition occurs; but when distilled slowly, it 
decomposes to a great extent into phenol and carbon dioxide, this 
change being complete if the acid is heated with sodadime. 

When salicylic acid is reduced with sodium and ))(>iling amyl alcohol, 
it is converted into normal pimdic, acid^ COOHlCH^b *00011 (p. 261)^ ; in 
a similar manner, certain other o-phenolic acids (hut not the m- or p- com- 
pounds) may bo transformed into homologues of pimclic acid. 

Salicylic acid is a powerful antiseptic, and, as it lias no smell, 
it is frequently used as a disinfectant instead of phenol ; it is also 
employed in medicine and in the manufacture of azo-dyes. 

The mono metallic salts of salicylic acid, such as, for example, 
2)otasdiim saliculatey CgH4(OH)*COOK, and calcium, mlicylaie^ 
{CgH4(OH)*COO}2Ca, are prepared by neutralising a hot aqueous 
solution of the acid with metallic carbonates ; most of them ore 
soluble in water. The di-metallic salts, such as CgH4(OK)*COOK 

and CgH4<^^QQ>Ba, are obtained in a similar manner, employ- 
ing excess of the metallic hydroxides ; with the exception of those 
of the alkali metals, they are almost insoluble in water and are 
decomposed by carbonic acid, giving the raono-mctallic salts. 

Metbyl salicylate, 0(^114(011) COOCH3, may be prepared in the 
manner described (p. 469), or by distilling a mixture of salicylic 
acid, methyl alcohol, and sulphuric acid (p. 172) ; it is a 
very pleasant-smelling oil, boiling at 224'' ; ethyl salicylate, 

1 By the addition of 4H, the acid is probably converted into an enol containing 
the group, -C(OH):C(COOn)-, which, after isomeric change into a /9-ketonic 
acid, undergoes acid hydrolysis (p. 184). 
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0 ^ 114 ( 011 ) COGOgHri, boils at 231*5°. These and otlier esters are 
immediately converted into solid sodium derivatives by con- 
centrated solutions of alkalis, but when water is then added and 
the solutions arc boil(;d, the esters undergo hydrolysis. 

Phenyl salicylate, C(.H 4 (OH)*COO(J(jHjj, is prepared by heat- 
ing a mixture of sodium salicylate and sodium phenoxide with 
phosphorus oxychloride, 

2 C^H 4 (OH)*COONa + 2 Gyi,*ONa -h POCI 3 ^ 

2 C,Jl 4 (OH) COO(J,H, 4- 3NaCl 4- NaPO^ ; 
it melts at 42-43^^, is almost odourless, and is much em])!oy(‘d in 
medicine and in surgery, under the name of salol^ in the })lace of 
salicylic acid. It is practically insoluble in water and its alcoholic 
solution gives a violet colouration with ferric chloride. 

Acetylsalicylic acid, C^ 5 H^(OAc} COOH {aspirin)^ obtained by 
heating salicylic acid with acetic anhydride or acetyl chloride, 
is also an important drug ; it melts at 135" and is very sparingly 
soluble in water. Its aqueous solution gives no colouration with 
ferric chloride, but does so after having been boiled during some 
time. 

Methyl o-mcthoxyheMzoaie, OeH 4 ( 00143 ) -COOCHg, is formed wken 
methyl salicylate is Iieated with methyl iodide and potash (1 mol.) in 
alcoholic solution ; it is an oil, boiling at 245°, and gives a salt of 
o-methoxy ben zoic acid, CeH 4 (OCH 3 )'COOH (m.p. 98*5°), wlien it is 
hydrolysed witli aqueous alkali. 

m- Hydroxy benzoic acid, is prej^ijed by fusing m-sulphohenzoic acid 
with alkali, and also by the action of nitrous acid on m-aminohenzoic 
acid. It melts at 200 °. 

"^-Hydroxyhcnzoic acid is formed, together with salicylic acid, by the 
action of carbon tetrachloride and potash on phenol ; it may also be ob- 
tained from •p sulphohenzoic acid by fusion with alkali, or by the action 
of nitrous acid on y^ aminobenzoic acid. It is prepared by heating dry 
potassium plienate in a stieam of carbon dioxide at 220 ° so long as 
phenol distils over ; if, however, tlie temperature be kept below 150°, 
potassium salicylate is formed. p-Hydroxybenzoic acid melts at 210°. 

Saligenifiy C^H 4 (OH)’CH 2 'OH {o-hydroxyhenzyl alcohol ^ salicyl alcohol), 
is an example of a substance which is l>oth a phenol and an alcohol. 
It is produced, together witli gluco.se, by the action of dilute acids or 
enzymes on salicin, a glucoside occurring in the hark of the willow-tree, 
Cellj A'O •CeH 4 .*CH 2 0H 4 - H^O = HO C^^IG CHs OH + 
and may he prepared by reducing sal icy laid eliyde (p. 442) with sodium 
amalgam and aqT’.eous alcohol. 

Saligenin melts at 86°. and is readily soluble in water ; the solution 
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becomes deep blue on the addition of ferric chloride. Owing to its 
phenolic nature, it forms alkali salts, \Vhicli, when heated with alkyl 
halides, give tlie coiTesi)onding ethers ; on the other hand, it shows the 
proj)erties of an alcohol, and yields salicylahlehyde and salicylic acid on 
oxidation. 

Salicin, CeH„0,5*0*C,.H4‘CH2‘OH, melts at 20r and chars when 
strongly heated ; it is readily soluble in hot water, and when hydrolysed 
by boiling dilute acids it giv^es saligenin (p. 471), and also glucose, which 
can be tested for with Fehling’s solution. It is turned red by con- 
centrated sulplmric acid. 

Tlie m- and ^-hydroxyhenzyl alcohols may be prepared by the reduc- 
tion of tlie m- and y-hyclroxyhenzaldehydes (p. 443) ; they melt at 07“ 
and IKf respectively. 

Anisyl alcohol, C,;H4(OCITa)*CII._, OH (p methoxylK iizyl alcohol), is 
obtained by treating anisaldchyde, Crtlf4(OCIl3)'CHO (p. 443), with 
sodium amalgam and aqueous alcohol, or with alcoholic potash (Canniz- 
zaro reaction) ; also by heating p-hydroxyhenzyl alcohol with caustic 
alkali and methyl iodide in alcoholic solution. It melts at 20“, and 
boils at 2.78'’ ; on oxidation, it yields anisaldehydc and anisic acid. 

Anisic acid, €^3114(00113) -COO 11 (p inethoxybenzoic acid), is 
obtained by oxidising anethole., €(.114(00113) •CH:CH'CH.3 (tbe 
principal component of oil of aniseed), with cbromic acid ; it may 
also be prepared by rnetliylating 'p-hydroxyhenzoic acid. 

It molts at 185 °, and wbeii heated with soda-lime it is decom- 
posed, with the formation of auisole (p. 426 ) ; when lieated witli 
fuming bydriodic acid, it yields 'p-liydroxyheyizoic acid and methyl 
iodide. 

There are six dthydro.vybenzoic acids, (.'^113(011)2*00011, two of which 
are derive<l from catechol, three from resorcinol, and one from qninol ; 
the most important of these is protocatechuic acid [COOH.OH.OH 
= 1:3:4], one of the two isomeric catechol carboxylic acids. This com- 
pound is formed when many resins, such as catechu and gum benzoin, 
and also certain alkaloids, are fused with potash ; it may be prepared 
synthetically by heating catechol with water and ammonium hydrogen 
carbonate at 140“ (p. 467). 

It melts at 199“, is very soluble in water, and when strongly heated, 
it is decomposed into catechol and carbon dioxide ; its aqueous solution 
gives with ferric chloride a green solution, which becomes violet and 
tlien red on the addition of sodium liydrogen carbonate. 

Qallic acid, CJl 2 ( 0 n) 3 *C 00 H[ 30 H = 3 : 4 : 5 ] (or pyrogallol- 
carboxylic acid), is a triliydroxybeiizoic acid ; it occurs in gall- 
nuts, tea, and many other vegetable products, and is best pre- 
pared by boiling tannin (.see below) with dilute acids. It crystal!- 
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ises in needles, and melts at 220”, being at the same time re- 
solved into pyrogallol (p. 433) and carbon dioxide ; it is readily 
soluble in water, and its aqueous solution gives with ferric 
chloride a bluish-black precipitate. Gallic acid is a strong 
reducing agent, and precipitates gold, silver, and platinum from 
solutions of their salts. 

Tannin (taimic acid) is the name given to a vegetable product 
wliich occurs in large quantities in gall-nuts, sumach, and in 
many kinds of bark, from which it may be extracted witli boiling 
water. Jt is an almost colourless, amorplious substance, and is 
readily soluble in water; its solutions liave a very astringent 
taste, and give with ferric cliloride an intense dark-blue solution, 
for which reason tannin is employed in the manufacture of inks. 
Tannin is us?d in dyeing, as a mordant, owing to its {)roperty of 
forming insoluble coloured compounds with many dyes (p. 582), 
It is also extensively employed in tanning. When animal skin 
or membrane, after suitable preliminary operations, is placed in 
a solution of tannin, or in contact witli moist bark containing 
tannin, it ahsorlis and combines with the tannin, and is converted 
into a much tougher material; such tanned skins constitute 
leather. 

When l)oiled with dilute sulpliuric acid, some tannins are ooniplelely 
converted into gallic acid and glucose, a fact whicl) seems to show that 
these substances are probably glucosides, derived from glucose by the 
displacement of liydroxylic hydrogen atoms by galloyl ., CftH 2 (OH).pCO - 
(or digalloyh) groups. As, however, tannins are amorphous and ill* 
characterised substances, little is known as to their structure, and many 
of them may be mixtures of variable composition. 

Mandelic acid, CQHr/CH(OH)-COOH (phenylglycollic acid), 
is an example of an aromatic hydroxy-acid containing the liydroxyl- 
group in tlie dda-chain. It may be obtained by boiling amygdalin 
(beiizaldehyde cyanohydrin, combined with glucose, p. 310) with 
concentrated liydrochloric acid ; it is usually prei)ared by treat- 
ing the solid bisulpliite compound of beiizaldehyde with a 
concentrated solution of sodium cyanide and hydrolysing the 
oily hydroxycyanide (rnandeloniirilt)^ wliich is thus produced, 
with boiling concentrated hydrochloric acid, 

OeH 5 CH(OH) 0 SOsNa + NaCN = CeH« CH(OH) ‘CN -I- Na^SOg, 
CgH5CH(OH)CN-f2HjjO = C8n5CH(OH)COOH + NH8. 
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Mandelic acid is moderately soluble in water, and sliows the 
general behaviour of a hydroxy-acid ; when lieated with hydriodic 
acid, for example, it is reduced to pJtenylficetic acid (p. 462), just 
as lactic acid is reduced to propionic acid (p. 252), 

C,H,-CH(OH)COOH + 2H1 - C,H,*CH2‘C001I + L, -f 11,0. 
The hydroxyl-group in niandelic acid has an aliphatic character 
similar to that of the hydroxyl-group in glycollic acid, and in the 
alcohols, so that there are many points of difference between 
mandelic acid and phenolic acids, such as salicylic acid, which 
contain the hydroxyl-group united with carbon of the nucleus. 
When, for example, ethyl iimndelate.^ CoH,j'CH(OH) COOCoIl 5 , 
is treated with caustic alkalis it does yield an alkali derivative, 
but the liydrogen of the hydroxyl-group is displaced when the 
ester is treated with sodium or i)otassium. 

Mandelic acid, like lactic acid, exists in optically different forn)s. 
The synthetical acid (m.p. 118^) is a (^/-substance, but the acid 
(m,p. 133®) prepared from amygdalin is hevorotatory. 


CHAPTER XXXIII. 

NAPHTHALENE AND ITS DERIVATIVES. 

All the aromatic hydrocarbons hitherto described, with the 
exception of diphenyl, diphenylinethane, and triphenylmethane 
(p. 370), contain only one closed-chain of six carbon atoms, and 
are very closely and directly related to benzene ; most of them 
may be prepared from benzene, and reconverted into this hydro- 
carbon, by comparatively simple reactions, so that they may all 
be classed as direct benzene derivatives. The exceptions just 
mentioned are also closely related to benzene, although they might 
be regarded as hydrocarbons of quite another class, because 
diphenyl and diphenylmethane contain two, and triphenylmethane 
contains tiiree, closed-chains of six carbon atoms. There are, 
however, other classes, or types, of aromatic liydrocarbons more 
distantly related to benzene, and of these naphthalene^ which 
is now to be described, is perhaps second only to benzene in 
importance ; it is the parent substance of a great number of 
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compounds, many of which are extensively employed in tlie 
manufacture of dyes. 

Naphthalene, C^^Hg, occurs in coal-tar in larger quantities 
tiian does any other liydrocarbon, and is easily isolated from this 
source in a pure condition. The crystals of crude naphthalene, 
which are deposited from the fraction of coal-tar passing over 
between ITO*^ and 230° {middle oil, p. 327), are first pressed to 
get rid of liquid impurities, then washed with caustic soda, and 
finally warmed with a small quantity of concentrated sulphuric 
acid, which converts most of the foreign substances into soluble 
sulphonic acids ; the naphthalene is then distilled or sublimed. 

Naphthalene crystallises in large, lustrous plates, melts at 
80°, and boils at 218°. It has a highly characteristic smell, and 
is extraordinarily volatile, considering its high molecular weight 
— so much so, in fact, that only pari of (he naphthalene in crude 
coal-gas is deposited in tlie condensers ([>. 325) ; the rest is carried 
forward into the purifiers, and even into the gas-mains, where, in 
very cold weather, it may be deposited in crystals and cause 
stoppages at the bends of the pipes. It is insoluble in water, 
but dissolves freely in many organic solvents, from which it may 
he crystallised. Like some other aromatic hydrocarbons, it 
crystallises with [)icric acid, and when concentrated benzene 
solutions of the two substances are mixed, naphthalene picrate^ 
CioHg,C 0 H 2 (NO 2 ) 3 ’OH, is precipitated in yellow needles, wljicli 
melt at 149°. 

Naphthalene is employed as a disinfectant or insecticide and 
for the preparation of phthalic acid (p. 457), but its principal use 
is for the manufacture of a great many derivatives, which are 
employed in the colour industry. 

Gonstifufion. — Naphthalene has the characteristic proj)eities of 
an aromatic compound, which means that its helmviour under 
various conditions is similar to that of benzene and its deriva- 
tives, and different from that of aliphatic compounds. It is 
attacked by halogens, nitric acid, and sulphuric acid, giving 
substitution products : with nitric acid, for example, it yields 
mVro-deri vatives, and with sulphuric acid it gives sulphonic acn7^*, 
CioHg -f HNO3 - CioH/NO. + H2O, 

CioHg + H2SO4 - CjoH/SOgH + H2O. 

This similarity between benzene and naphthalene at once suggests 
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a resemblance in constitution, a view which is confirmed by 
tlie fact that naphthalene, like benzene, is a very stable com- 
pound, and is resolved into simpler substances only with diffi- 
culty. When, however, naphthalene is Imiled with chromic acid 
or dilute nitric acid, or with concentrated suljdiuric acid (p. 457), 
it is slowly oxidised, yielding carbon dioxide, water, and (orilw-) 
phthalic acid. CGH 4 (COOn),. 

Now the formation of phthalic acid in this way is a fact of 
very great importance, since it is a ju’oof tljat the molecule of 
naphthalene contains the group, 



— that is to say, that it contains a benzene nucleus to wliich two 
carbon atoms are united in the 07*/^.o-position to one another. 
This fact alone, however, is insufficient to establish the constitu- 
tion of the hydrocar])on, since there are still two atoms of carbon 
and four of liydrogen to be accounted for, and there are various 

0 

ways ill which these might he united with the ^ group. 


Clearly, tlierefore, it is important to ascertain the structure 
of that part of the naphthalene molecule, which lias been oxidised 
to carbon dioxide and water — to obtain, if possible, some de- 
composition product of known constitution, in which these 
carbon and hydrogen atoms are retained in their original state 
of combination. 

Now this can be done in the following way : When nitro- 
naphthalene^ (Jj^jH^-NO.,, a simple mono-substitution product of 
the hydrocarbon, is boiled with dilute nitric acid, it yields iiiiro- 
phthalic acid, C(5TT3(N02)(C00n)2 ; naphthalene, therefore, con- 
tains a benzene nucleus, and the nitro-group in iiitronaphtlialene 
is combined with this nucleus. If, however, the same nitro- 
naphthalene is reduced to aminonaphtlialeney -NHq, and the 
latter is oxidised, phthalic acid (and not aminophthalic acid) is 
obtained. This last fact can only be explained on the assumption 
either tliat the benzene nucleus, which is known to be united with 
the amino-group, lias been destroyed, or that the amino-group has 
been displaced by hydrogen during oxidation. Since, however, 
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the latter alternative is contrary to experience, tlic tonner 
must be accepted, and it must be concluded that the beiizeiu' 
nucleus wbicli is contained in the oxidation product ot aminonapb- 
thalene is not tlie same as tliat present in the oxidation product 
of nitronaphthalene ; in other words, ditrereiit j)ai‘ts of tlie naph^ 
thalene molecule liave been oxidised to carbon dioxide and water 
in the two cases, and yet in both these reactions the group, 

remains. The constitution of naphthalene, therefore, 

may be provisionally and partly (expressed by the formula or 
symbol, 



This conclusion will be obvious if the above changes are now 
represented with tl)e aid of this formula, the symbols C and 11 
being omitted for tlie sake of simplicity. When nitronaphthalene 
is oxidised, the nucleus I> (see below), which does not contain the 
nitro-group, is disintegrated (as indicated by the dotted lines), tlie 
product being nitroplithalic acid; when, on the otlier liand, 
aminonaplithaleue is oxidised, the nucleus A, combined with 
the amino-group, is attacked, and, together with tlie amino-group 
undergoes disintegration, phthalic acid being formed : 


N0:2 NIlo 



Nitroiiaplithaleiic. Aminonaplithaleue. 



Nitroplithalic Acid. Tlithalic Acid. 


It was in this way that Graebe determined the constitution of 
naphthalene in 1880; he proved that (as had been suggested by 
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Erlennieyer as early as 1866) its molecule contains two benzene 
nuclei condensed together in the o-position, that is to say, having 
two o-carbon atoms in common, as shown above. Further evidence 
supporting this conclusion has since been obtained from syntheses 
of naphthalene and its derivatives, and from the results of the 
study of the isomerism of its substitution products. 

Naphthalene may be obtained synthetically })y passing the 
vapour of phenylhutylote, CjvHj./CH 2 *CH 2 *CH:CH 2 ^ (or of plienyl- 
butylene dibroniide^ over red-hot 

lime; the change involves the loss of hydrogen, as in tlie forma- 
tion of other aromatic, from aliphatic, hydrocarbons (p. 330), 

CeH.-CH.-Olh/CIhCIh, CJl,/ | + 2^. 

^CH:CH 

A most important synthesis of naphthalene was accomplished 
by Fittig, who showed that a-naphtliol (a-hydroxynaphthalene) is 
formed when /^-benzylideiiepropionic acid (a substance of known 
constitution, p. 463) is heated at about 300^ This reactioti may 
take place in two stages, the first product being a keto-derivative 
of naphtlialene, which passes into a-naphthol by intramolecular 
or tautomeric change (compare p. 189). 


CH CH CH 



The a-naphthol thus obtained may be converted into naphthalene 
by distillation with zinc-dust, just as phenol may be transformed 
into benzene (p. 362). 

Isomerism of Naphtlialene Derivatives . — As in the case of benzene, 
the study of the isomerism of its substitution products affords the 
most convincing evidence as to the fundamental structure of naphtha- 
lene, In the first place, this hydrocarbon differs from benzene in 
yielding two isomeric wmnc>-substitution products ; there are, for 

' Phenyihutylene is obtained by treating a mixture of benzyl chloride and allyl 
iodide with sodium, 

CgHfi-CHga -f CHalCHrCHu + 2Na=CaH5*CH2-CH«'CH:CH2 + NaOl -h Nal. 

It is a liquid boiling at 178®, and, like butylene, it combines directly with one 
molecule of bromine, yielding the dibromide. 
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example, two monoMoronaphthalenes^ two monohydroji'ynaphtha- 
lenes^ two mononitronaphthalenes^ <fec. This fact is readily accoiiiited 
for with the aid of the formula or symbol given on p. 477, which 
may be conveniently written, 

or 

(numbered or lettered as above, the symbols C and H being 
omitted for the sake of simplicity), and wljich shows that the 
eight hydrogen atoms are not all similarly situated relatively to 
the rest of the molecule. If, for example, the hydrogen atom at 
(1) were displaced by chlorine, hydroxyl, &c., the substitution 
product would not be identical with the corres])onding compound 
produced by the displacement of the hydrogen atom (2). In the 
first case the substituent would be united with a carbon atom, 
wliich is itself directly combined Mith one of the carbon 
atoms common to both nuclei, whereas, in the other case, this 
would not be so. Further, it will be seen that no more than 
two such isoTuerides could be obtained, because the positions 
1, 4, 5, 8 (the four a-positions) are identical, and so also are the 
positions 2, 3, 6, 7 (the four ^-positions). Clearly, then, the fact 
that the 7?m7io-substitution products of naphthalene exist in Uvo 
isomeric forms is in accordance with the given constitutional 
formula ; these isomeric m(wo-substitution products are usually 
distinguished with the aid of the letters a and p. 

When two hydrogen atoms in naphthalene are displaced by 
two identical groups or atoms, ten isomeric di-derivatives may 
be obtained. The positions of the substituents being indicated 
l)y the numerals already used, these isomerides would be, 

1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 2:3, 2:6, 2:7, 
and all other possible positions would be identical with one of 
these; 2:5, for example, is the same as 1:6, 4:7, and 3:8, and 
1:5 is identical with 4:8. The constitution of such a c?e-derivative 
is usually expressed with the aid of numerals in this manner; 
l:2-hydroxyaminonaphthalGne, and 1 :5-hydioxyaminonaphthaleiie, 
CjoHq(OH)*NH 5 j, for example, are thus distinguished, and the 
structure of each compound is shown. 

When the two atoms or groups are present in one and the 

org. 32 
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same nucleus, their relative positions are similar to those of groups 
ill the 0-, m-, or p-position in lienzene. The positions 1:2, 2:3, and 
3:4 correspond witli the 1:3 and 2:4 with the ineta-^ and 

1:4 witli the j^a/’a-position, and similarly in the case of the other 
fiucleua. The position 1:8 or 4:5, however, is different from any 
of tliese, and is termed the ;>m-position ; groups thus situated 
behave in much the same way as those in the o-position in the 
benzene and naplithalene nuclei (pp. 492, 503), 

The ditliculty of <leteriuining and of expressing tlie actual state or dis- 
position of the fourth unit of valency of each of the carbon atoms in 
naphthalene is much the same as in the case of henzene. If the carbon 
atoms are represented as united hy alternate double linkings, as in either 
of the formula' given below, there is the objection that the carbon atoms 
do not show, as indicated, the behaviour of those in aliphatic unsaturated 
compounds. 



For reasons similar to those considered in the case of benzene (p. 33G), 
the molecule of naphthalene is therefore represented by a simple double 
hexagon ; this symbol summarises the main facts concerning its chemical 
behaviour and also accounts for the isomerism of its derivatives. 

Derivatives of Naphthalene, 

The homolog tm of naphthalene — that is to say, its alkyl suh- 
stitation jjroducts — are of comparatively little importance ; they 
may he prepared from the parent hydrocarbon hy methods similar 
to those employed in the case of the corresponding benzene 
derivatives, as, for example, by treating naphthalene witli alkyl 
halides in the presence of aluminium chloride (Friedel and Crafts^ 
reaction), 

C,A + CAI = Ci„H,-C,H, + HT, 
and by treating the bromonaphthaleiies with an alkyl halide and 
sodium (Wurtz-Fittig reaction), 

CjoH^Br 4- CH.Br 4* 2Na = Cj JT/CTT, 4- 2NaBr. 

a- Methyl naphthalene, is a colourless liquid, boiling 

at 240-242°, but f^-methylnaphthalene is a solid, melting at 32°, 
and boiling at 242° ; both these hydrocarbons occur in coal-tar. 

The halogen mono-substitution j)rodud8 of naphthalene are also 
of little importance. They may be obtained by treating the 
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hydrocarbon, at its boiling-point, with the halogens (ehloiine and 
bromine), but only the a-derivatives are formed in this way. 
Both the a- and the ^-compounds may be obtained by treating 
the corresponding naphthols (p. 485), or, much better, the 
naphthalenesulphonic acids (p. 486), with pentachloride or penta- 
brornide of phosphorus, 

C10H/SO3H 4 - PCI, CjoH/SO.,Cl -f POCI3 + HCl, 

C 10 H 7 *80201 + PCI, == CioH^Cl + POCly + SOCI 2 ; 
also by converting the naphthylamines (p. 483) into the corre- 
sponding diazonium-compounds, and decomposing the latter with 
a halogen cuprous salt (Sandmeyer reaction, p. 402) or with 
copper powder (p. 403), 

CioH 7-NH2 — CjoH^-NgCl — C10H7CI. 

All these methods correspond with those described in the case 
of the halogen derivatives of benzene, and are carried out in a 
similar manner practically. 

a-Chloronaphtlialene^ Ci^HyCl, is a liquid, boiling at about 263^^, 
but the ^-derivative is a crystalline substance, melting at 56°, 
and boiling at 265°. 

a-Bromonaplithalene^ CjoH^Br, is also a liquid at ordinary tem- 
peratures, and boils at 279°, but the ^-derivative is crystalline, and 
melts at 59°. 

The chemical properties of these, and of other halogen deriva- 
tives of naphthalene, are similar to those of the halogen derivatives 
of benzene ; the halogen atoms are very firmly combined, and 
cannot be displaced by hydroxyl-groups with the aid of aqueous 
alkalis, &c. 

Naphthalene tetrachloride, CioHgCl 4 , is an important halogen 
additive prodiLct^ which is produced when chlorine is passed into 
coarsely powdered naphthalene, at ordinary temperatures. It 
forms large colourless crystals, melts at 182°, and is converted 
into dichloro7iaphthalenes, CjoHgClg (substitution products of 
naphthalene), when it is heated with alcoliolic potash ; it is 
readily oxidised by nitric acid, yielding phthalic and oxalic acids, 
a fact which shows that all the chlorine atoms are united with 
one and the same nucleus ; the constitution of the compound, there- 

fore, is expressed by the formula, 
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The forujiitioTj of this additive product shows that naphthalene, like 
beiizoiie, is not really a saturated compound, although it usually behaves 
as such. Many other additive comj>ounds have been obtained ; such 
sub.stances may be produced ])y the reduction of certain substitution 
producls of iiai)htlialeue with sodium and boiling amyl alcohol, but a 
mucli more important general metljod is by the reduction of naphthalene 
and its derivatives with hydrogen in the presence of nickel (Sabatier- 
Senderens, p. 357). In such reactions first four, and then six more 
hydrogen atoms are usually taken up, and in the first stage the addition 
is restricted to one only of the two benzene nuclei. When a naphthalene 
derivative is thus converted into a tetrahydro-additive compound, the 
atoms or groups directly united with the reduced nucleus acquire the 
properties which they have in aliphatic compounds, whereas those 
united to the unreduced nucleus retain the properties which they have 
in nuclear substitution products of benzene. The amino-group in 

vCITyCH-NHa 

B.c,4etrahyfiro-^ 7Uiphihylamine, C^H 4 <^ | , for example, has 

CHg ONjj 

the same character as that in aliphatic amines, whereas in the case of 

.CHyCH, 

the isomeric dLX. tetrahydro-li naphthylamme, J , the 

(yHjj’ClI.j 

amino-group has the same properties as that in aniline, because it is 
combined with the unreduced nucleus. Such tetrahydro-derivatives of 
naphthalene are distinguished by the prefixes ar.- (aromatic) or ac.- 
(alicylic), according as the substituent is contained in the unreduced 
or in the reduced nucleus. a-Naphthylainine and a naphthol are reduced 
to ar. -tetrahydro-compounds by sodium and boiling amyl alcohol, hut 
/3-naphthylainine and /3-naphthol give the ac. -tetrahydro-compounds as 
principal products, and smaller quantities of the ar.-tetrahydro deriva- 
tives. ar.-Tetrahydronaphthol is phenolic in character, but the ac.- 
isomeride has the properties of an aliphatic alcohol. 

Tetrahydronaphthalene (feirale7ie), and decahydro- 

naphtlialene {demlane), CioTIiy, are now prepared on the large 
scale by the reduction of naphthalene with hydrogen (and 
nickel) ; they are liquids, boiling at 207® and about 187® re- 
spectively, and are used as solvents, 

Nitro -Derivatives. — Naphthalene, like benzene, is readily 
nitrated by a mixture of nitric and sulphuric acids, giving inono- 
and di-nitro-derivatives. The chemical properties of the nitro- 
naphthalenes are in nearly all respects similar to those of the 
nitrobenzenes. 

a-Nitronaphthalene, C^^H/NOg, may be prepared by nitrating 
naphthalene in acetic acid solution. 
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The naphthalene (5g.) is dissolved in acetic acid (lOc.c. ), nitric acid 
(sp. jcr. 1*4; 5g. ) is added, and the solution is heated on a water>bath 
during about half an hour ; the product which crystallises from the cold 
solution, is separated, washed with a little water and recrystallised from 
alcohol. On the large scale it is prepared by treating naphthalene with 
a diluted mixture of nitric and sulphuric acids. 

It crystallises in yellow prisms, melts at GT’, and boils at 304^; 
on oxidation with nitric acid, it yields nitroplithalic acid (p. 476). 

^-Nitronapthalene is not formed by nitrating naphthalene, 
but it may be prepared by dissolving (^•'nitro-a-naiihtliylamme (a 
compound obtained by treating a-naphthylamine with dilute 
nitric acid) in an alcoholic solution of hydrogen chloride, adding 
finely divided sodium nitrite, and then heating the solution of 
the diazonium -compound (compare p. 401), 

CjA(NO,)-N,C 1 + C,H,-OH = C,„H,-NO, + N, + HCl + C,H,0. 

It crystallises in yellow needles, melting at 79®. 

Tlie amino-derivatives of naphthalene are very similar in 
properties to the corresponding benzene derivatives, except that 
even the monoamino-compounds are crystalline at ordinary tem- 
])eratures. They liave a neutral reaction to litmus, and yet are 
distinctly basic and form salts with acids ; these salts, however, 
are hydrolysed to some extent by cold water, in which, as a rule, 
they are only sparingly soluble. The amiiio-componnds may be 
converted into diazonium-compounds, aminoazo-compounds, <^c., 
by reactions similar to tliose employed in tlie case of the amino- 
benzenes, and many of the substances obtained in this way, as 
well as the amino-compounds themselves, are extensively em- 
ployed in the manufacture of dyes. 

a-Napbthylamine, Cj^^H-'NIIo, may be obtained by beating 
a-naplithol with ammonia at 250® under pressure, 

CjoHr-OH + NHg = -f H.O ; 

it is prepared commercially T)y reducing a uiironaphthalene with 
iron-filings and hydrochloric acid at about 50®, 

4- 6H = CioH/NHg + 

Nitronaphtlialene (1 part ; 10 g.) is mixed with iron borings (2 parts) 
in a flask, and ordinary concentrated bydrocbloric acid (6 *5-7 parts) is 
added in small quantities at a time ; the flask is well shaken during 
the operation and the mixture is kept at about 80°. As soon as a test 
portion of the product is completely soluble in hot water (except for 
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metal or oxide), excess of alkali is added, the base is distilled in (super- 
heated) steam, and separated on a suction -filter. 

a-Naphthylamiiie is colourless, crystalline, melts at SO'’, and 
boils at 300"' ; it has a disagreeable smell, turns red on exposure 
to the air, and its salts give a blue precipitate with ferric chloride 
and other oxidising agents. On oxidation with a boiling solution 
of chromic acid, it is converted into a-naiihthaquinone (p. 486) 
and phthalic acid. The hydrochloride is readily soluble in cold 
water, but is precipitated in crystals, even from dilute solutions, 
on the addition of concentrated hydrochloric acid. 

/:?-Naphtliylamme is not prepared from /^-nitronaplithalene (as 
this substance is only obtained with difficulty, p. 483), but by 
heating fi-naplithol with concentrated ammonia at 200'’, or with 
ammonium sulphite and ammonia at about 160'’, under pressure. 
It crystallises in colourless plates, melts at 112", and boils at 294" ; 
it differs markedly from a-naphthylamine in being odourless, and 
its salts give no colouration with ferric chloride. On oxidation 
with potassium permanganate, it yields phthalic acid. 

The two naphthols, or monohydroxy-derivatives of naphthalene, 
correspond with the monohydric phenols, and are com])ounds of 
considerable importance, as they are extensively em[)loyed in 
the colour industry. They both occur in coal-tar, but only in 
small quantities, and, therefore, are prepared by fusing the corre- 
sponding Bulphonic acids with caustic soda (compare p. 485), 

CioH/SO,Na + NaOH - CioH/OH -f NagSO,. 
a-Naphthol is also manufactured from a-naphthylamine, the salts 
of which, unlike those of aniline, are decomposed by water at 
about 200", 

(CioH7-nh2)2,h,so4 4- 2 H 2 O = 2CioH^*OH + 

Their properties, on the whole, are very similar to those of the 
phenols, and, like the latter, they dissolve in caustic alkalis, 
yielding metallic derivatives, which are decomposed by carbonic 
acid ; the hydrogen of the hydroxyl-group in the naphthols may 
also be displaced by an acetyl- or an alkyl-group, just as in 
phenols, and on treatment with pentachloride or pentabromide 
of phosphorus, a halogen atom is substituted for the hydroxyl- 
group. The naphthols further resemble the phenols in giving 
colour reactions with ferric chloride. 
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In sonic respects, however, the iiaplithols dilTer from the iihcnols, 
inasmuch as the hydroxyl -groups in the former more readily undergo 
change ; when, for example, a naplitliol is heated with ammonia at 250’, 
it is converted into the corresponding amirio-comixmnd (p. 483), whereas 
the conversion of phenol into aniline requires a temperature of 300-350°, 
other conditions remaining the same. Again, when a naphthol is 
heated with an alcohol and hydrogen chloride, it is converted into its 
alkyl-derivaitive, whereas alkyl-derivatives of phenols cannot, as a rule, 
he obtained in this way. 

a-Naphthol, is formed when /^1-benzylideneprO' 

pionic acid is heated at about 300' (compare p. 463), an important 
synthesis, which proves that tlie hydroxyl-group is in the a-position * 
it is pre])ared from a-naphthylaitiine^ as just mentioned, or from 
naphthol em-a-mlplionic acid (p. 486). It is a colourless, crystalline 
substance, melting at 94°, and lioiling at 279'; it has a faint 
smell, recalling that of phenol, and it dissolves freely in many 
organic solvents, but is only sparingly soluble in Lot water. Its 
aqueous solution gives with ferric chloride a violet, flocculent 
precipitate, consisting probably of an iron comj)ound of a-di- 
naphtholy an oxidation product of the 

naplithol. It dissolves readily in caustic alkalis Imt not in 
solutions of alkali carbonates. 

a-]^Japhthol, like phenol, is very readily attacked by nitric 
acid, and gives a dmitro-derivativey C^()Hr,(N()y) 2 *OH, which 
crystallises in yellow needles, melting at 138°; its sodium 
derivative, CioH 5 (N 02 ) 2 *ONa,H 2 (), employed in dyeing silk, is 
known commercially as Naphthol yellow. 

/?>Naphtliol, prepared by fusing naphthalene-P-^<iulphonir acid 
with caustic soda, melts at 122°, and boils at 286° ; it is a colourless, 
crystalline compound, readily soluble in hot water, and, like the 
a-derivative, it has a faint, pheiioMike smell and forms readily 
soluble metallic derivatives with caustic alkalis. Its aqueous 
solution gives, with ferric chloride, a green colouration and a 
flocculent precipitate of fl-di-naphtJioly II()‘ C,„HaC:oTlo-On. 

Sulphonic Acids. — Perhaps'^the most important derivatives of 
naphthalene, from a commercial point of view, are the various 
mono- and di-sulphonic acids, which are obtained from the hydro- 
carbon itself, from the naphthylamines, and from the na})hthols, 
and used in large quantities in the manufacture of dyes. It 
would be of little use to describe individually the very numerous 
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compounds of this class, but some account of them may be given. 

Naphthalene is readily sulphonated, yielding two inoiio-sulpTi- 
onic acidsy CioTI^ BOyH — namely, the a- and /^-compounds, both 
of which are formed when the hydrocarbon is heated with sulph- 
uric acid, but the lower the temperature, tlie larger the pro- 
portion of the a-acid. Thus, at 80*" the product consists of about 
96 per cent, of the a- and 4 per cent, of the /i?-acid, but at 160° 
15 per cent, of the a- and 85 per cent, of the /:l-compound are 
obtained. (Compare phenolsul phonic acid, p. 429.) 

Naidithalene ^-sulphonic. arid may be prepared in the laboratory by 
the following method : Naphthalene (126 g.) is heated to and kept at 160® 
in a wide beaker (loosely covered with a piece of cardboard) while 93 
per cent, sulphuric acid (200 g.) is added in the course of about 15 
minutes to the well-stirred liquid ; about 5 minutes later, the product, 
having cooled a little, is very cautiously poured into water (150 c. c.), the 
solution is left until it has acquired room' temj)eiature, and the acid is 
separated on a suction -pump. The crude preparation is dissolved in one- 
half of its weigljt of boiling water, and the solution is filteied from any 
unchanged naplithaleiie or from small quantities of di-naphthylsvlphoncy 
which are usually formed : to the filtrate concentrated 
hydrochloric acid (a volume equal to one-third of that of tlie water used) 
is added and the solution is cooled slowly. The )9-sulphonic acid separates 
in lustrous scales (SHjO). 

Di-sulplionic acids may be obtained by strongly heating naph- 
thalene with anliydrosulphnric acid. 

Theoretically, fourteen isomeric najMhylaminemonomlphonic 
acidSy CioH 0 (NH 2 ) S( 43 H, may be obtained — namely, seven derived 
from a-iiaphthylamine, and seven from the /i?-ba 8 e ; of these com- 
pounds, tliirteen seem to be known. The most important, perhaps, 
is 1 A-naphthylamineniono8idphonic acidy or napMhionic acidy Avhich 
is practically the sole product of the action of sulphuric acid on 
a-naphthylamine ; it is crystalline, very sparingly soluble in cold 
water, and is used in the manufacture of Congo red and other 
dyes (p. 603). 

The 7iaphtholmono8ulphomc acids correspond in number with 
the naphthylaminemonosulphonic acids, and are also extensively 
used in the colour industry. 

a-Naphthaquinone, CjoUgOg, is a derivative of naphthalene, 
corresponding with (p-benzo)quinone, and, like the latter, it is 
formed when various mono- and di-substitution products of the 
hydrocarbon (but only those in which the substituent groups 
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occupy the 1 or l:4-position) are oxidised with sodium dichromate 
and sulphuric acid ; a napldliylainine, \'A'aminona 2 )liniol, 1:4- 
diaminonaphtlialene, for example, may be employed. As a rule, 
however, naphthalene itself is oxidised with a boiling solution 
of chromic acid in acetic acid (a method not applicable for the 
preparation of quinone from benzene), as the product is then 
more easily obtained in a state of purity. 

tt-Naphthaquinone crystallises from alcohol in deep-yellow 
plates, melting at 125*" ; it resembles quinone in colour, in having 
a curious pungent smell, and in being very volatile, subliming 
readily even at 100^, and distilling rapidly in steam. Unlike 
quinone, it is not easily reduced by sulphurous acid, but some re- 
ducing agents convert it into 1 A-dihydroxynapJithalene^ C,„H„(OH)„ 
just as quinone is transformed into quinol (p. 448). This close 
similarity in properties clearly points to a similarity in constitu- 
tion, so that a-naphthaquinone may be represented by the formula 
given below. 

^-Naphthaquinone, CioH^Og, isomeric with the a-compound, is 
formed when a-amino /S-naphthol is oxidised with potassium di- 
chromate and dilute sulphuric acid, or with ferric chloride; it 
crystallises in red needles, decomposes at about 115° without 
melting, and on reduction with sulphurous acid, is converted 
into \:2-dihydroxy naphthalene. It differs from u-naphthaquinone 
and from quinone in colour, in having no smell, and in being 
non-volatile, properties which, though apparently insignificant, 
are of some importance, as they distinguish orf7io-qu in ones from 
^ 9 ara-quinones ; the latter are generally deep-yellow, volatile com- 
pounds, having a pungent odour, whereas the former are red, 
non-volatile, and odourless. y0-Naphthaqiiinone is an ortho- 
quinone corresponding with o-benzoquinone (p. 447), and its 
constitution may be represented by the formula shown below : 



•-Naphthaqninone, iS-Naphthaquinone, Amphi-riaphtliaquinone. 

Both a- and ^-naphthaquinone are oxidised by nitric acid, giving 
0 -phthalic acid, a proof that in ])oth compounds the two oxygen 
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atoms are united with only one nucleus ; that the one is a para-^ the 
other an or/'Ao-quinone, is established by their methods of formation 
and their conversion into compounds of known struct\ires.^ 

^wpi^t-naphthaquinone, may be represented by the 

formula just given in which the oxygen atoms are combined with 
different nuclei. It may he prepared by the oxidation of 2:6- 
dihydroxynaphthalene, in benzene solution, with lead dioxide. 
It is reddish-yellow, non-volatile, and odourless, and resembles, 
therefore, the ortho- rather than the para-quinones. 

The above description of some of the more important naph- 
thalene derivatives will be sufficient to show the close relation- 
ship which these conqiounds bear to the corresponding derivatives 
of benzene ; they are prepared, as a rule, by the same methods 
as their analogues of the benzene series, and resemble the latter 
closely, in chemical properties; consequently the general reactions 
and generic properties of benzene derivatives are met with again 
in the case of naphthalene compounds. 

The following scheme shows how some of the more important 
naphthalene derivatives are .produced ; it sliould be noted tliat 
^-naphthol and ^-naphtbylaniine are both obtained starting from 
the /0-sulphonic acid, but that a-naphthylaniine is prepared from 
the nitro-compound, and a-naphthol either from this base or from 
the sulphonic acid : 

a-Compounds. 

CjoH/NOo — CioH^NH2 — CioH/OH — 

/ ^ at 80" 

CjoHg « 

at 160 

C10H/NH2 -- C,oH/SO,H 

/?-Com pounds. 

The Orientation of Naphthalene Derivatives. 

For tlie orientation of the mono substitution products of naphthalene, 
it was necessary, as in the case of the di- derivatives of benzene (p. 343), 
to determine the structures of one or more compounds, winch might then 
serve as standards. Now nitronaplitlialene, the first product of the nitra' 
tion of the hydrocarbon, oxidised by chromic acid, gave a nitrophthalic 
acid, which was proved to have tlie structure, [2C00H:N02= 1 :2:3] ; 
the nitro*group in the nitronaphthalene must therefore be in the a- 

1 Compare foot-note, p. 447. 
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position. Tliis nitronaphtlialene on reduction gave a naphtbylamine, 
which when (liazotised, &c., was transformed into a naphthol ; this corn- 
j)ound, therefore, must also be an a-derivative, a conclusion wliich Avas 
fully confirmed by Fittig’s synthesis of the same naphthol (i>. 478) by 
simple reactions, from a compound of known constitution. These three 
derivativc.s, h.'iving thus been orientated, served a.s standard.s ; any 
compounds obtained from, or c<mverted into, any one of these standards 
by simple substitution, inii.st belong to the a- series ; a naphthalene 
ilerivative, CjuHyX, isomeric with an a-compound, must consequently 
belong to the /S-serie.s. 

The orientation of a di-derivative may sometimes be ascertained in a 
simple manner, but may be a task of considerable diiliculty. Tn the 
first place the derivative is submitted to vigorous oxidation. Certain 
groups, such as HO-, and NH.j-, render the substituted nucleus more 
easily oxidisable, and if both are united to the same benzene nucleus 
that particular one is disintegrated, leaving plithalic acid. Other sub- 
stituents, such as halogens or NO 2 - groups, render the nucleus less 
readily attacked, and if botli are united to the same one, a di substituted 
phthalic acid is obtained. In the latter case the derivative of phthalic 
acid can be orientated by the u.snal methods, and the structure of tin* 
iiaphtlmlene derivative is thus a8certaine<l. In the former case (and 
also in the latter if ne<^e.ssaiy) each of the two groups is displaced in 
turn by hydrogen, and it is tlnis found whetJier the compound is an aa-, 

, or a/ii-derivative ; if it is proved to be either aa- or its orienta- 
tion is completed, but tliis is not so if it is an a^-di-deiivative. When 
the results of oxidation show that the substituents are combined with 
diffei’cnt nuclei, it is easy to find whether they axe in a* or in /3 p().‘'itions 
by displacing each in turn by hydrogen, but even if both are a- or both 
are p- the orientation is still incomplete. In such cases various other 
methods of investigation, including syntheses from substitute<l |3 benz- 
ylidencpropionic acids, must be employed, before the structures of the 
compounds can be established. 

The above account will serve to indicate the principles on which the 
orientation of naphthalene derivatives i.s based. At the present time 
so many di-derivatives, including all the ten theoretically possible 
dichloronaphthalenes, have been orientated, that it may only he neces- 
sary to convert the new cornponiid into one of these standards. 

Aromatic- AUjrtliatic Cyclic. Compounds. 

In the molecule of najdiihalene both the closed-chains wbicb 
are covdented together contain' >CH groups, which have an 
aromatic or benzenoid character. Other hydrocarbons are known 
in which a closed-cliain having aliphatic properties is condensed 
with a benzene nucleus. Telrabydronaplitbalene (tetralene), for 
example, obtained by the reduction of naphthalene (p. 482), is 
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a compound of such a type ; one of the closed-chains in its 
molecule is aromatic and shows the reactions of benzene, whereas 
the other contains >CHo groups, which behave like those in the 
molecule of a paraffin and give substitution products only with 
difficulty. 

The hydrocarbon, liydrindme^ is a lower homologiie of tetra- 
hydronaplithalene, and its molecule consists of a closed aliphatic 
chain of five carbon atoms condensed with a benzene nucleus; the 
structural formula of this hydrocarbon and those of some of its 
derivatives are given below, the letters a, /?, y, serving to show 
the positions of substituents : 

CHj 

Hydrindene. 




Indene. 



The a- and 7-positions in hydrindene are, of course, identical, and 7- 
hydrindone is therefoie the same as the a-coinpound. In the case of 
indene, although apparently the a-, / 3 -, and 7-positionK are all different, 
only two series of substitution derivatives and a- or 7-) exist, because 
the olefinic binding readily passes from the a/ 3 - to tlie J97- position, or vice 
versd^ with the migration of a hydrogen atom. 

Hydrindene, was first obtained by reducing coal-tar indene 

(below) with sodium and alcohol ; it has been synthesised by a 
method which establishes its constitution : o-Xylylene dibromide, 
prepared by brominating the hydrocarbon at its boiling-point, 
is warmed with ethyl sodiomalonate and sodium ethoxide, 

+ CNaH(COOEt)j+ NaOEt 

= C,H,<^U*>C(COOEt)s+2NaBr + CsH5-OH.' 

The ethyl liydriTulenedicarlyoxylafe^ so formed, is hydrolysed, 


^ This reaction really occurs in several stages, but for the sake of brevity the 
changes are summarised in the one equation. 
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the dicarboxylic acid is converted into tlie nioriocarbox^ lie acid 
in the usual manner, and the barium salt of the hydrindene 
carhoxylic acid is destructively distilled ; iiulene is thus formed 
with the liberation of hydrogen. The iiidene is then reduced. 
Hydrindene boils at 177° and gives rise to substitution deriva- 
tives of various types by the displacement of hydrogen atoms of 
the benzene nucleus. 

Indene, CjjHj, is contained in that fraction of coal-tar which is 
collected from 175° to 185°, and may be isolated from this product 
by precipitation with picric acid (p. 428) ; the incrafe is purified 
by recrystallieation and then distilled in steam, whereby it is 
decomposed and indene passes over. Indene boils at 182°, and 
readily undergoes atmospheric oxidation j being an olefine^ it 
combines directly with bromine, giving dthroniohydrivdenp or 
indene dihromide^ and it also combines with hydrogen (see above) ; 
when heated alone, or with hydrochloric acid, or even when it is 
kept at ordinary temperatures, it undergoes polymerisation and 
gives a resinous substance. 

a-Hydrindone, is obtained, together with hydrogen clilor- 

ide, by warming 'phe7iyl2n'(ypionyl chloride^ CjH^’Cir^'CHj'COCl, 
with aluminium chloride, a reaction analogous to that by which 
acetophenone is produced from benzene and acetyl chloride (p. 444). 
It melts at 41°, boils at 244°, and forms an oxime (m.p. 146°); 
when this oxime is reduced with sodium amalgam and water, it 
is converted into a-hydrindamine, CpIlg'NHg, a c/Z-base (b.p. 220°), 
which may be resolved into its optically active components. Wlien 
hydrindamine hydrochloride is heated alone, it decomposes into 
indene and ammonium chloride. 

/5-Hydrindone, CpH^O, is produced when the calcium salt of 
plienylene-o-diaeetic acid^ is heated, a reaction which may be com- 
pared with that by wdiich ketones are formed from hvo molecules 
of a monocarboxylic acid ; it melts at 61°, boils at 220-225°, and, 
like a-hydrindone, shows the ordinary reactions of a ketone. 

Two di- and one tri-keto-derivatives of hydrindene are also 
known ; the hydrate of triketohydrindene, known as ninhydrin, 
is used in testing for amino-acids and proteins (pp. 544, 575). 

Acenaphthene, C 12 H 1 P (r., next page), is related to naphthalene 

1 This acid is obtained by treating o-xylylene dibroniido (p. 372) with potassium 
cyanide, and hydrolysing the o-xylylene dicyanide which is thus formed. 
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in much the same way as h 3 ’^drindeiie is related to benzene. It 
occurs in coal-tar, and is a component of tlie heavy oil (p. 326), 
from which, however, it is isolated only with difficulty. It 
crystallises in needles, melts at 95°, and boils at 278°; on oxids' 
tion witli chromic acid in glacial acetic acid solution, it is con- 
verted into acenaphtliaquinone (ii.), a yellow crystalline substance 
melting at 261°, which is easily oxidised further, giving napliUiolic 
acid or \\% naiMlialmedicarhox{)lic acid (m.). 



Naphthalic acid does not melt, but at about 180° it is converted 
into naphthalic anhydride (m.p. 266°) ; this fact shows that two 
carboxyl groups in the peri- or l:8-position behave like those in the 
0 - position in the benzene or naphthalene nucleus (compare p. 503). 


CHAPTER XXXIV. 

ANTHRACENE AND PHENANTHRENE. 

Anthracene, is a hydrocarbon of commercial import- 

ance, as it is the starting-point in the manufacture of alizarin, 
which is employed in producing Turkey-red and various other dyes ; 
it is prepared commercially from coal-tar. The crude mixture of 
hydrocarbons and other substances known as ‘ 50 per cent, an- 
thracene ’ (p. 328) is treated with some solvent, such as pyridine, 
which extracts phenanthrene, &c., and is then distilled in super- 
heated steam, or recrystallised from pyridine, but its isolation is 
very troublesome. 

Anthracene crystallises from benzene in colourless, lustrous 
plates, which show a beautiful blue fluorescence ; it melts at 218°, 
boils at 340°, and dissolves freely in boiling benzene, but is only 
sparingly soluble in alcohol and ether. Saturated alcoholic solu- 
tions of anthracene and of picric acid, when mixed, give a pre- 
cipitate of anthracene picrate, Ci 4 Hio.C 6 H 2 (N 02 ), OH, which 
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crystallises in rul)y-red needles, melting at 138 " ; this compound 
is resolved into its components wlien it is treated with a large 
quantity of alcohol (distinction from i)henantlirene picrate, p. 501). 

GonstitutAon . — The molecular formula of anthracene 
suggests that this liydrocarbon is related to henzene (CgH^), naph- 
thalene (CjoTIy), and otlier closed-rJiain compounds, rather than to 
hydrocarbons of the aliphatic series. The behaviour of anthra- 
cene towards chlorine and bromine is also, on the whole, similar 
to that of benzene and naphthalene — that is to say, anthracene 
yields additive or substitution products according to the con- 
ditions; moreover, towards concentrated sulphuric acid it behaves 
like other aromatic compounds, and is converted into sulphonic 
acids. When treated with nitric acid, however, instead of yield- 
ing a nitro-derivative, as miglit have been expected, it is oxidised 
to antliraquiiione, two atoms of hydrogen being dispdaced 

by two atoms of oxygen ; this change takes place even with dilute 
nitric acid, but under particular conditions, the concentrated acid 
gives (y)-nitroanthracene, C 34 H 0 *NO 2 . 

Now, the conversion of anthracene into anthrnquinone is not 
only closely analogous to that of naphthalene, into a-naphtha- 

quinone, CjoHgOo (p. 487), but is also an oxidation process of a 
kind (namely, the sul) 8 titution of oxygen atoms for an equal nun)ber 
of hydrogen atoms) which is unknown in the case of the aliphatic 
hydrocarbons ; anthracene, therefore, is a closed-chain compound. 
Another highly important fact, bearing on the constitution of 
anthracene, is that, although the hydrocarbon and most of its 
derivatives are resolved into simpler substances only with very 
great difficulty, when this does occur, one of the products is always 
some benzene derivative, usually phthalic acid. 

Now, if the molecule of autliracene contained only one benzene 
nucleus, or even if, like naphthalene, it contained two condensed 
benzene nuclei, there would still he certain carbon and hydrogen 
atoms which would l»ave to be regarded as forming unsaturated 
side-chains ; hut experience has shown that even saturated 
side-chains in benzene are oxidised with comparative facility, 
giving carboxylic acids. Consequently, it is impossible to assume 
the presence of any side-chain in anthracene, a compound which 
is always oxidised to the neutral substance, antbraquinone, 
without loss of carbon. Arguments of this kind, therefore, lead 
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to the coiiclutiioo that the molecule of anthraceue is composed 
07?/// of cornlujied or condensed nuclei; as, moreover, the hydro- 
carbon may be indirectly converted into phthalic acid, it must be 
concluded that two of these nuclei are condensed together in the 
o-position, as in naphthalene. 

If, now, an attempt is made to deduce a constitutional formula 
for anthracene on this basis, and it is further assumed that all the 
closed-chains are composed of six carbon atoms, as in naphthalene, 
the following suggest themselves as alternative formulae, 

cu CH 



altliough, of course, neither could be accepted as final without 
furtlier evidence. 

Many facts, however, have led to the conclusion that the con- 
stitution of anthracene must be represented by the symmetrical 
formula i. (formula ii. expressing that of phenanthrene, p. 501); 
tljis formula accounts satisfactorily for all that is known about 
anthracene, including a number of important syntheses of the 
hydrocarbon, tlie isomerism of its derivatives and its relation to 
antbraciuinone. 

Anthracene may be obtained synthetically in various ways from 
compounds of known structure. It is produced wlieii benzyl 
chloride is lieated with aluminium chloride. 


3CeH,-CH,Cl = CgH,< 


CH 

CH 


>CeH, + C„H5-CH, + 3HCl, 


the dihydroanthracene (p. 496), which is formed as an intermediate 
product, 

CeH4<“jj^ci'^ = C,H,<^|2 >C«H, + 2HC1, 

being converted into anthracene by the loss of hydrogen, which 
reduces part of the benzyl chloride to toluene (as expressed in 
the first equation). Anthracene is also formed, together with 
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dill yd roan tliracene and phenanthrene (p. 601), when o-hromo- 
benzyl bromide (prepared by brominating boiling o-bromotolnene^ 
C^H^Br'CHg) is treated with sodium, 

pTT T* PIT 

2C8H4<i}, “ + 4Na = C8H,<^ + 4NaBr ; 

here, again, dihydroantliracene is the primary product, and from 
it anthracene is formed by the loss of hydrogen. 

Another interesting synthesis may be mentioned — namely, the 
formation of anthracene when a mixture of tetrabromoetliane and 
benzene is treated with aluminium chloride. 




yU BrCHBr 
H BrCHBr 


H 


CH. 




All these methods of formation are accounted for in a simple 
manner with the aid of the symmetrical formula, i. (p. 494). 

Isomerism of Anthracene Derivatives . — Further evidence in 
support of this formula is afforded by the study of the isomerism 
of the substitution products of anthracene, although, in many 
cases, only a few of the isomerides theoretically possible have as 
yet been prepared. 

By the substitution of an atom or radical for one atom of 
hydrogen in the molecule of anthracene, it is possible to obtain 
three (but not more than three) isomerides; this fact is readily 
accounted for with the aid of the given formula, which for this 
purpose may be numbered and lettered as shown below, the 
symbols, C and H, being omitted : 



y a 


It will then be seen that there are three positions (a, y), all 

of which are differently situated relatively to the rest of the 
molecule; these mono-substitution products are distinguished by 
thelotters a, /?, y (or by the numerals), accordingto the position of the 
substituent. When two atoms of hydrogen are displaced by iden- 
tical atoms or groups, fifteen isomeric di-substitution products may 
be obtained ; these are distinguished with the aid of the numerals. 

Oik. 33 



m 


Anthracene and Phenanthrene. 


Although the symmetrical expression (p. 494) shows the framework of 
the anthracene molecule, a complete structural formula of the comTX)un(l 
cannot be written, for the same reason as that given in the case of benzene 
(p. 336 ; compare also naplithalene, p. 480). 

In order to avoid repetition it may l>e pointed out that this also applies 
to all aromatic substances, including those such as pyridine and quinoline 
(p. 504) in which a N-atom takes tlie place of a (^H group of the nucleus ; 
also to compounds such as furan, tidophene and pyrrole (p. 518), in which 
the closed chains have an aromatic or benzenoid character. The symbols 
by Avhich such structures are respectively represented serve, nevertheless, 
the main purposes of complete formulre. 


Dih ydroanthracen c, 


CeH4<OH!>C.,H, 


a substance of little import- 


ance, is formed when anthracene is reduced with boiling concentrated 
hydriodic acid, or with sodium amalgam and water. It is colourless, 
melts at 106-108°, and when heated with sulphuric acid it is converted 
into anthracene. 


Anthracene dichloride. 


CHCk ^ 


like «lihydroaiithracene, 


is an additive product of the hydrocarbon ; it is obtained when chlorine 
is passed into a cold solution of anthracene in carbon disulphide, whereas 
at 100° substitution takes place, with formation of y-rnonochloroanthracene 
and yy-diehloroanthracene ; these substitution products crystallise in 
yellow needles, melting at 103° and 209* respectively, and they are 
both converted into anthraquinone on oxidation, a fact which shows 
the positions of the chlorine atoms. 

CO 

Anthraquinone, is formed, as already men- 


tioned, when anthracene is oxidised with chromic or nitric acid. 


Anthracene (1 part) is dissolved in boiling glacial acetic acid (about 
12 parts), and a solution of chromic acid (2 parts) in glacial acetic acid 
is slowly added to the boiling solution. At the end of about 1^ hours, 
the solution is diluted Avitli Avater, allowed to cool, and the anthra- 
quinone is separated on a suction-filter ; the product is purified by 
recrystallisation from acetic acid or by sublimation. 

Anthraquinone is manufactured by oxidising finely divided anthracene, 
suspended in Avater, with sodium dicliromate and 50 per cent, sulphuric 
acid. The product is collected on a filter, washed, dried, and sublimed. 

Anthraquinone may be produced synthetically, and is now pre- 
pared commercially, by treating a solution of plithalic anhydride 
(p. 458) in benzene with aluminium chloride ; o-henzoylhenzoic 
acid is first produced, 

P TT 4- P H —PH ^6^6 
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but by the further action of the aluminium chloride (or of sulph- 
uric acid), this intermediate product is converted into anthra- 
quinone with the loss of one molecule of water, 


CoH4<coo]r^’A = + H,0. 


This synthesis proves that the molecule of anthraquinone contains 
two groups, united by two COc^ groups. 


That the two CO< groups occupy the o-position in the one benzene 
nucleus is known, because they do so in phthalic acid ; that they occupy 
the 0 * position in the second benzene nucleus has been proved as 
follows : When bromophthalic anhydride is treated with benzene and 
aluminium chloride, bromobenzoylbenzoic acid is produced, and this, 
when treated with suli^huric acid, yields bromoaydhraqninonet 

CellaBiK C„H, + H/), 

ABA B 


in the molecule of which the two CO<; groups are known to be united 
to the nucleus A in the o position. 

Now, when bromoanthraquinoiie is lieat<?d with potash at 160°, it 
is converted into hydroxyanihraipninmic, CgH 3 (OH)<^QQ^C(,H 4 , which, 

A B 

COOH 

with nitric acid, yields phthalic acid, I'he group A 

being oxidised ; theiefore the two 0O< groups are attached to B, as 
well as to A, in the o-position, and anthiaquiiione has the constitu- 
tion represented above, a conclusion which affords strong support to 
the structural formula of anthracene already given (p. 494). 


Anthraquinone crystallises from glacial acetic acid in pale- 
yellow needles, melts at 285^", and sublimes at higher tempera- 
tures ; it is very stable, and is only with difficulty attacked by 
oxidising agents, by sulphuric acid, or by nitric acid. When 
it is distilled witli zinc-dust, it is converted into antliracene. It 
resembles the aromatic ketones much more closely than it does 
the p-quinones ; it has no smell, is by no means readily volatile, 
and is not reduced by sulpliurous acid ; unlike quinone it is not 
an oxidising agent. 

Test for Anthraquinone . — Wlien about 0*1 g. of finely divided anthra- 
quinone is heated with dilute caustic soda and a little zinc-dust, an 
intense red colouration is produced, but when shaken in contact with 
air, the solution is decolourised. In this reaction oxanthranol is formed, 
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and tliis substance dissolves in the alkali, forming a deep-red solution; 
on exposure to the air, however, it is oxidised to anthraqninone, which 
separates as a flocculent precipitate. 

Oxanthranol, > is formed by the reduction of 

rl (OH ) 

one of the CO< groups of anthraquinone ; on further reduction the 
other COc^ group undergoes a similar change, but the product, 
PHtOTT 1 

loses one molecule of water, yielding ow^Aran- 
oly which is finally reduced to dihydroanthracene. 

CO 

Anthraquinone /^-monosulphonic acid, 

is formed, but only very slowly, when anthraquinone is heated 
with sulphuric acid at 250*" ; with a large excess of anhydro^ 
sulphuric acid at 160-170°, a mixture of isomeric dimlplionic acids^ 
formed. The /i?-mono-sul phonic acid is of con- 
siderable importance, as its sodium salt is employed comrnercialJy 
for the preparation of alizarin. 

Anthraquinone is heated with an equal weight of anhydrosulphuric 
acid (containing 50 per cent, of SO 3 ) in enamelled iron vessels at 160°. 
The product is poured into water, filtered from unchanged anthraquinone, 
and neutralised with soda ; the sparingly soluble sodlvm ayithraquinonC' 
^-7iionosulphonate separates from the cold solution in glistening plates, 
and is collected in filter-presses. The more soluble sodium salts of the 
anthraquinone-disulphonic acids, which are always formed at the same 
time, remain in solution. 

CO 

Alizarin, C<,H 4 <^qq>CqH 2 (OH) 2 , or l‘.2-dihydroxyanthraquin- 

one^ occurs in madder (the root of Ruhia tindorum)^ a substance 
which has been used from the earliest times for dyeing Turkey- 
red, and whiclt owes its tinctorial properties to two substances, 
alizarin and purpurin, both of which are present in the root in 
the form of glucosides. 

Ruherythric acid, the glucoside of alizarin, is decomposed when 
it is boiled with acids, or when the madder extract is allowed to 
undergo fermentation, with formation of alizarin and two molec- 
ules of glucose, 

+ 2H,0 = Ci,H,0, + 2CeHi A- 

Buberythric Acitl. Alizarin. 

A dye of such great importance as alizarin naturally attracted 
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the attention of ' chemists, and many attempts were made to 
prepare it synthetically. This was first accomplished in 1868 
by Graebe and Lieberniann, who found that alizarin could be 
produced by fusing (Wrroinoantliraquinone^ with potash, 

I 2KOH=--CeH.<^|^>C„H,(OH)2 + 2KBr, 

but the process was not a commercial success. 

At the present day, however, madder is no longer used, and the 
alizarin of commerce is made from arithraquinone in the following 
manner, or by other synthetical methods. 

Anthraquinone is converted into anthraquinoiie-/?-sul])honic 
acid by the method already described (p. 498) ; the sodium salt 
of this acid is then heated with caustic soda and a little potassium 
chlorate, and is thus converted into the purple sodium derivative 
of alizarin, 

CeHKpScA'SOaNa + 3NaOH + O = 

>^«H,(ONa), + 2H,0 + Na.SO^ ; 

from this sodium salt, alizarin is liberated with the aid of a 
mineral acid. 

When anthraquinonesulphonic acid is fused with caustic soda, the 
~SO.,Na group is displaced by -ONa in the usual manner, but the 
hydroxyaiithraqriinone (sodium derivative) tlius produced is further 
acted on by the alkali, giving alizarin (sodium derivative) and (nascent) 
hydrogen, 

C,H 4 < ^J>C,H,(ONa) + NaOII=C„H 4 <J^JJ>C,H,(ONa), + 2H. 

The oxidising agent (KCIO3) is added in order to prevent the nascent 
hydrogen from redticiug the still unchanged hydroxyanthraquinone to 
anthraquinone. 

The operation is conducted as follows: Sodium anthraquinone snlph- 
onate (1(X) parts) is heated in a closed iron cylinder, fitted with a stirrer, 
with caustic so«la (.300 parts) and potassium chlorate (14 parts), during 
two days at 180'’. Tlie purple product is dissolved in water, the solution 
is filtered, if necessary, and the alizarin is precipitated wdth hydro* 
chloric acid. The yellowisli crystalline precipitate is collected in filter- 

i Obtained by beating anthraquinone with bromine and a trace of iodine in a 
sealed tube at 160®. It seems uncertain whether this product is a 1:2' or a2:3* 
dibromo-coiupound, but the hydroxyl groups in alizarin certainly occupy the r.2- 
position. 
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presses, washed well witli water, and pub on the market in’ tlie form of 
a 10 or 20 per cent, paste. From the crude product, alizarin may be 
obtained in a pure state bj' recrystal lisatioii from toluene, or by sub- 
limation. 


Alizarin crystallises and sublimes in dark-red prisms, which 
melt at 290°, and are almost insoluble in water, but moderately 
soluble ill alcohol. It is a dihydroxy derivative of antbraquin- 
oiie, and, therefore, has the properties of a dihydric phenol ; with 
aqueous solutions of the alkalis it forms metallic derivatives of the 
CO 

which are soluble in water, yielding 
CO 

intensely purple solutions. With acetic anhydride it gives a 
diaceiaie^ Ci 4 Hg 02 ( 0 Ac) 2 , melting at 180°, and wlieii distilled 
with zinc-dust, it is reduced to anthracene. 

The value of alizarin as a dye is due to the fact that it yields 
coloured, insoluble compounds, called lahe^ (p. 582), with certain 
metallic liydroxides. When, for example, the purple solution of 
alizarin in ammonium hydroxide is added to excess of an aqueous 
solution of potash alum, a red lake, the basis of a complex dye, 
‘Turkey red,^ is formed; the ferric compound, obtained in a 
similar manner from iron alum, is violet-black, and lakes of other 
colours may be prepared from other hydroxides. (Compare p. 581.) 

Constitution of Alizarin . — Alizarin may be obtained by heating 
a mixture of phtlialic anhydride and catechol with sulphuric 
acid at 150°, 


P H { P TT — p H H 


+ H,0. 


This reaction is clearly analogous to that by which anthraquinone 
is prepared from benzene (p. 496). 

As catechol is o-dihydroxyberizene, it follows that the two 
hydroxyl-groups in the product must also he in the o-position 
to one another ; the structure of alizarin, therefore, must he re- 
presented by one of the following formulae : 
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Now, alizarin yields two isomeric mowo-nitro-deri'vatives, 

C 0 H 4 <^^>CgH(OH) 2 *NO 2 , in both of which the nitro-group 
OU 

and the two hydroxyl-groups are combined Avith one and the 
same nucleus ; its constitution, therefore, must be represented 
by formula i., because a substance having the constitution ii. 
could only yield one such nitro-derivative. 

Besides alizarin, several other dihydroxy- and also trihydroxy -anthr a- 
quinones have been obtained, but only those are of value as dyes which 
contain two hydroxyl-groups in the same positions as in alizarin. 

CO 

Purpurin, ^CgH(OH) 3 , or 1 :2:4-trihydroxyanthraqiiinone, 

is contained in madder, in the form of a glucoside, and may be prepared 
by oxidising alizarin with manganese dioxide and sulphuric acid. It 
crystallises in deep-red needles, melts at 253'’, and gives a scarlet lake 
with aluminium hydroxide. 

Anthrapnrpurin, HO*C 6 H 3 <^^^^C 6 H 2 or l:2:7-trihydroxy- 
anthraquinone, is manufactured hy fusing anthraquinone-disulphonic 
acid, SOgH CyHsC^^^^^CgHg-SOaH, with caustic soda and potassium 

chlorate (p. 499). It crystallises in yellowish-red needles, melts at 330% 
and is employed in dyeing yellow shades of Turkey-red. 

Many other derivatives of anthraquinone are used in dyeing (p. 594). 

Phenanthrene, an isomeride of anthracene, is a hydro- 

carbon of theoretical interest, but it has little commercial value. 
It occurs in considerable quantities in ‘50 per cent, anthracene,* 
from which it may be extracted with pyridine, as already de- 
scribed (p. 492). The resulting crude phenanthrene is converted 
into the picrate, which is first recrystallised from alcohol, to free 
it from anthracene picrate, and then decomposed by ammonia; 
the hydrocarbon is finally purified by recrystal lisa lion. 

Phenanthrene forms lustrous needles, melts at 101% and distils 
at about 332® ; it is readily soluble in many organic liquids. 
When oxidised with chromic acid, it is first converted into 
pTiena'iithraquinone^ C^^HgOg (isomeric with anthraquinone), and 
then into diphenic acid, This acid is decomposed 

on distillation with soda-lime, yielding carbon dioxide and 
diphenyl (p. 370) ; it is, therefore, diphenyldicarhoxylic acid, 
COOH‘CgH 4 *CgH 4 *COOH, and its formation from phenanthrene 
shows that the latter contains ttoo benzene nuclei (p. 502). 
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Further evidence as to the constitution of phenanthrene is 
obtained by studying its methods of formation. It is formed, 
for example, when o-ditolyl (prepared by treating o-bromotolmne 
with sodium) or stilbem^ is passed through a red-hot tube, with 
the loss of hydrogen in both cases : 

CH„ CeH,— CH Cellg— CH C.H,— CIT 

I -^11 11 I II 

C,H,— CH3 Cell^— CH C3H5-CH CgH,— CH 

O'DItolyL Phenanthrene. Stilbene. Phenanthrene. 

Phenanthrene is also produced, together with anthracene, by 
the action of sodium on o-hromohenzyl bromide (p. 495), 

Br— CgH^— CH2Br CH 

+ 4Na=: I II +4NaBr4-H2. 
Br— CgH^-CH^Br C^H.—CH 

The facts already given and many others prove that the structure 
of phenanthrene may be represented as follows : ^ 

OH«OH 



When the hydrocarbon is oxidised to phenantliraquinone, the 
group, — CH = CH-, becomes -CO — CO-, and on further oxida- 
tion to diphenic acid, each carbonyl-group is converted into a 
carboxyl-group. 

Many derivatives of plienanthrene may be synthesised by an important 
general method (Pschorr) : o-Nitrobeiizaldehyde is condensed with phenyl- 
acetic acid and the product is reduced to tlie corresponding amino- 
compound ; the latter is then diazotised and the diazonium salt is treated 
with alcoljol and copper powder, which transform it into phenanthrene-^- 
carboxylic acid with the evolution of nitrogen. 

1 Stilbene^ or diphenylcthylene, CgHg*CH:CH * 0 ^ 115 , may be prepared by treat- 
ing benzaldehyde with magnesium benzyl chloride, the secondary alcohol, 
C*H 5 *CH(OH)‘CH 8 -C«Hg, which is first produced, losing a molecule of water. 
It crystallises in colourless prisms, melts at 124°, and, like ethylene, combines 
with bromine, forming stilbene dibromide, CgHg’CHBr'CHBr'CgHg (m.p. 237°). 

2 It should be noted that this formula, those just shown in the syntheses of 
phenanthrene, and that (ii.) given on p, 494, all express the same framework 
(compare p. 496). The numerals serve the usual purpose and are used in the 
case of all substitution products. 
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CHO Cnj-COOH CH-C COOH 



Substituted phenylacetic acids, with at least one unoccupied o* posit ion, 
and substituted o-nitrobenzaldebydes, may be used instead of the i)arcnt 
substances so tliat many phenanthrene derivatives of known structure 
may be thus i)repared. 

Plienanthrene may be nitrated and sulplionated ; witli bromine 
it gives an additive compound, ^:\0-phenanthren€ dihromide^ wliich 
readily loses hydrogen bromide with the formation of 9i-bromo- 
phenanthrene. 

Some of the important alkaloids, such as morphine and codeine, 
and many other natural products (the sterols. Tart ITL), are 
derivatives of liydrophenanthrenes. 


oyi^-co 

Phenanthraquinone, i , like aiitliraquinone, is formed 

— CO 

by oxidising the hydrocarbon with chromic acid. It crystallises 
from alcohol in orange needles, and melts at 207°. Jn chemical 
properties it shows little resemblance to p-benzoquinone or to 
a-naphtbaquinone, but is more closely related to o-benzoquinone 
(p. 447), ^-napbbhaquinone (p. 487), and other ortho-diketones 
(ortho-quiiiones) ; it has no smell, and does not volatilise except 
when strongly lieated, but it is readily reduced by sulphurous 
acid to ^‘.\0~dihy dr oxy phenanthrene, C, 4 lIy(OH)y, and it combines 
with sodium bisulphite, forming a soluble hit^idphife comjmund, 
NaHS() 3 , 2 HoO ; with hydroxylamine it yields a dioxinie, 
C,4Hg(:NOH),. 


coon 

Diphenic acid, i , obtained by the oxidation of 

C.H^-COOH’ ^ 

phenanthrene or phenanthraquinone (p. 501) crystallises in needles, 
and melts at 229®. AVlien liouted witli acetic anhydride it is con- 


verted into diphenic anhydride, C.,Il8< 


(m.p. 217°), 


This fact is noteworthy, because it shows that anhydride formation 
may occur, as in the case of 1 :8-napIitbalenedicarlx)xylic acid (p. 492), 
even when the two carboxyl -groujis are united with different nuclei. 
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Carbazole, CigH^N, occurs in the crude anthracene obtained from coal 
tar. It is colourless, melts at 238“, and forms a potassium derivative, 
CjjHgNK, when it is strongly heated with potash ; it is used in making 
dyes. Its constitution is represented by the following formula : 



CHAPTER XXXV. 

PYRIDINE, QUINOLINE, ISOQUINOLINE, AND OTHER HETERO- 
CYCLIC COMPOUNDS. 

Pyridiney yuinoliimy and isoquinoline are tliree closely rcdated 
aromatic bases, which, together with their numerous derivatives, 
form a group of great theoretical interest ; many of these deriva- 
tives occur in nature, and belong to the well-known and important 
class of compounds termed the ‘vegetable alkaloids.’ Pyridine 
derivatives are obtained by the oxidation of coniine (p. 529) and 
nicotine (p. 530). Quinoline was first produced by fusing quinine 
and cinchonine (p. 537) with potash ; it is also formed from 
strychnine (p. 540) under these conditions. Isoquinoline was first 
obtained from coal-tar ; derivatives of this base are formed when 
the alkaloids qmqmveriney narcotine (p. 541), &c. are fused with 
potash. 

Coal-tar, though consisting principally of hydrocarbons and 
phenols, contains small quantities of pyridine and its homologues ; 
also quinoliney isoijuinoline, and numerous other basic substances, 
such as aniline. The pyridine bases are dissolved, in the form of 
their sulphates, in the purification of the ‘light oil,’ by treatment 
with dilute sulphuric acid (p. 327), and when the dark acid liquor 
is afterwards treated with excess of caustic soda, they separate 
again at the surface of the liquid in the form of a dark-brown oil. 
By repeated fractional distillation, a partial separation of the 
various components of this oil may be effected, and crude pyridine 
may be obtained ; by the crystallisation of their salts, or by other 
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metljods, the pyridine and some of its homologues may be pre- 
pared in a state of purity. 

A less important source of these compounds is hone-tar or 
bone-oil^ a dark-brown, unpleasant smelling liquid formed during 
the dry distillation of bones, in the preparation of bone-black 
(animal charcoal) ; this oil contains considerable quantities of 
pyridine and quinoline^ and their homologues, as well as other 
compounds such tis pyrrole (p. 520). Bone-oil, purified by distilla- 
tion, was formerly used in medicine under the name of DippeVsoil 

Pyridine and Us Derivatives. 

Pyridine, C 5 H 5 N, is formed during the destructive distillation 
of various nitrogenoi^ organic substances ; hence its presence in 
coal-tar and in bone-oil. It was discovered in V)one-oil by 
Anderson in 1846. 

Pure pyridine, free from its homologues, may be prepared by 
distilling nicotinic acid (p. 511), or other pyridinecarboxylic acids, 
with soda-lime, just as pure benzene may be prepared from benzoic 
and phthalic acids in a similar manner. 

For commercial purposes it is usually obtained from coal-tar 
as already described ; the crude product consists mainly of pyridine, 
mixed with its mono- and di-inetliyl derivatives, and is principally 
used as a solvent and in ‘ denaturing * alcohol, in the preparation of 
methylated spirit. 

Pyridine is formed when a mixture of acetylene and hydrogen 
cyanide is passed through a red-hot tube, 2 C 2 II 2 + HCN ^CgH^N, 
but no satisfactory synthesis is known ; many pyridine derivatives, 
however, have been obtained from aliphatic compounds (p. 510). 

Pyridine is a colourless, mobile liquid of si>. gr. 1003 at 0"’; 
it boils at 115°, is miscible with water in all proportions, and 
possesses a pungent and very characteristic odour. It is a par- 
ticularly stable substance, as it is not attacked by boiling nitric 
acid, or by aqueous solutions of chromic acid or potassium per- 
manganate ; with halogens, and sulphuric acid, it gives substitution 
products, such as monohromopyi’idine, C 5 H 4 BrN, and pyridine- 
sulphonic acidj C 5 H 4 (S 08 ll)N, but only with great difficulty. 

Pyridine is readily reduced by anhydrous alcohol and sodium 
giving piperidine or hexahydropyiddine (]). 509), 
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in the presence of water, however, the nitrogen atom is eliminated, 
as ammonia, and gluiardiahiehyde^ CHO’CH 2 *CH 2 *CH 2 ‘CirO, is 
formed. When pyridine is heated with hydriodic acid at 300°, 
it gives pentane and ammonia. 

Pyridine is a strong base; like the aliphatic amines, it turns 
red litmus blue, and forms stable crystalline salts, such as the 
hydrochloride^ C^H^NjHCl, and the sulphate^ (C 5 H 5 N) 2 ,H 2 S 04 . 
The platinicliloride, (C 5 H 5 N) 2 ,H 2 PtCl(j, forms orange - yellow 
crystals melting at 240 ’, and is sparingly soluble in cold water ; 
the ferrocyanide is also sparingly soluble and may serve for the 
purification of the crude base. 

Pyridine combines directly with methyl iodide (1 mol.) with 
the development of heat, giving an additive product, methyl- 
pyrulonium iodide^ or pyridine niethiodide, C 5 H 5 N,CH 3 l, whicli 
crystallises from alcohol, melts at 117°, and has the properties 
of a quaternary ammonium salt. 

When rnethylpyridonium iodide is heated alone at 300° it under- 
goes isomeric change, and is converted into a- (and y~) methyl- 
pyridine hydriodide ; other alkyl halogen additive products show 
a similar behaviour, and the change is analogous to that which 
occurs in the case of the alkylanilines (p. 396). 

Constitution . — Tlie fact that pyridine is a strong base suggests 
some relation to the amines. It is, however, not a primary 
amine, because it does not give the carbylaniine reaction ; nor 
is it a secondary amine, because it does not react with nitrous 
acid; tlie necessary conclusion that pyridine is a tertiary base 
is further borne out by its beliaviour towards methyl iodide. 
But since pyridine has the molecular formula, CqHqN, it is most 
improbable that it is an open-chain tertiary amine, because such 
a compound would be highly nnsatiirated, and readily oxidised 
and resolved into simpler substances. The grounds for concluding 
that pyridine is not an unsaturated aliphatic amine are, in fact, 
much the same as those which led to the conclusion that the con- 
stitution of benzene is totally different from that of dipro‘pargyl 
(p. 333). 

If now the properties of pyridine are compared with those of 
aromatic compounds, a general analogy is at once apparent ; in 
spite of its great stability, pyridine shows, under certain con- 
ditions, the behaviour of an unsaturated compound, and, like 



and other Heterocyclic Compounds. 


507 


benzene, naplithalene, and other closed-chain compounds, yields 
additive products, such as piperidine (p. 509). 

Considerations such as these led Kdrner, in 1869, to suggest 
tliat pyridine, like benzene, contains a closed-chain or nucleus, 
as represented by the formula (i.) given below, and this view 
has since been confirmed in a great many ways, notably in the 
following manner : Piperidine, or hexaliydropyridine, the com- 
pound which is formed by the reduction of pyridine, and which 
is reconverted into the latter on oxidation with sulphuric acid 
has been prepared synthetically by a simple method (p. 509) 
which shows it to have the constitution (ii.) ; pyridine, therefore, 
must be represented by (i.), the relation between the two com- 
pounds being tlie same as tliat between benzene and hexahydro- 
benzene (p. 358) 



pyridine (!.)• 


Nil 

Piperidine (II.). 


This conclusion is fully confirmed by a study of the isomerism of 
pyridine derivatives; also, from its relation to quinoline (p. 513), 
pyridine must be regarded as derived from benzene by the sub- 
stitution of a ter valent nitrogen atom, for one of the CII-~ 

groups. 

Isomerimi of Pyridine Derivatives. — The w^o7^o-su])stitutioll 
products of pyridine, as, for example, the methylpyridinesy exist in 
three isomeric forms ; this fact is clearly accounted for if the frame- 
work of the parent substance is represented by a hexagon, showing 
the symbol for nitrogen only and numbered or lettered for the usual 
purposes : 



Since a wicmosubstitution product may be formed by the dis- 
placement of any one of the five hydrogen atoms, the following 
three^ but not more than three, isomerides may be obtained ; 
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X 



The positions a and a are identical, and so also are the positions 
/i and /?', but the position y is different froiii any of the others; 
the letters are generally used instead of numerals to distinguish the 
?nor?o-substitution products. 

The df/'-substitution products, C^HgXgN, exist in 8?'x isomeric 
forms, the positions of the substituents in the several isomerides 
being as follows, 

‘2:3, 2:4, 2:5, 2:6, 3:4, 3:5. 

All other positions are identical with one of these ; 2:3, for 
example, is the same as 5:6, and 3:4 is identical with 4:5. 

As regards the isomerism of its derivatives, pyridine may be 
conveniently com])ared with a mono-substitution product of 
benzene — aniline, for example — the effect of substituting a 
nitrogen atom for one of the benzene being 

the same, in this connection, as that of displacing one of the 
hydrogen atoms by some substituent. 

Three complete structural formula? for pyridine have been suggested in 
the past and are shown below, 


cn cif cn 



N N N 


Kiimer, Dewar. Riedel. Centric Formula. 

hut according to present views (pp. 336, 480, 496) the symbol, I., on 
p. 507, though incomplete, Is to be preferred. 

Compounds, such as pyridine, in which the atoms linked together 
to form the closed-chain are not all the same, are classed as hetero- 
cyclic', those in which all such atoms are identical are homocyclic. 
In the latter case, when the closed-chain is composed of carbon 
atoms, the compound is classed as carhocyclic. There are many 
different types of homocyclic and of heterocyclic compounds ; one 
or more atoms of nitrogen, oxygen, sulphur, &c., may be links of 
the heterocyclic systems. 
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Piperidine, (hexaliydropyridine), is formed, as already 

stated, when pyridine is reduced with sodium and alcoliol ; it may 
be prepared from pepper, which contains tlie alkaloid, pipcrine 
(p. 532), a substance which is decomposed by boiling alkalis 
yielding piperidine and piperic acid. 

Piperidine is a colourless liquid, boiling at 106", and is mis- 
cible with water; it has a very penetrating unpleasant odour. 
Like pyridine, it is a strong base, turns red litmus blue, and 
combines with acids forming stable, crystalline salts. When 
heated with concentrated sulphuric acid at 300', or with nitro- 
benzene at 260', it undergoes oxidation, with the loss of six atoms 
of hydrogen, and is converted into pyridine. 

Piperidine is a secondary aliphatic amine and, with nitrous 
acid, it yields nitroso-^nperidiney CyijQN'NO, an oil, boiling 
at 218°; like secondary amines, moreover, it reacts with methyl 
iodide, giving ^ -met hyljnperi dine hydriodidey^ 
and with acid chlorides, giving substituted amides, Cr,H^oN C()*R. 

The important synthesis, already referred to, which establishes 
the constitution of piperidine, and also tliat of pyridine, was 
accomplished by Ladenburg in the following way : THmefhylene 
dihromide^ is heated with potassium cyanide in alcoholic solution, 
and is thus converted into trhnethylene dicyanidey 
Br Cn 2 -CH 2 -CH 2 Br -f 2KCN - -f 2KBr, 

whicli, on reduction with sodium and alcohol, yields 2 )entamet 1 i- 
ylenediaminey just as methyl cyanide under similar conditions 
yields ethylamine, 

CN-CHgCHs'CHgCN -f 8 H = NH2CH2CH2CH2CH2CIT2NH2 ; 
during this reduction process some of the pentamethylenediamine 
is decomposed into [)iperidine and ammonia, and the same change 

* The letter N before the name of the sub.stituent signifies that the latter is 
directly combined with the nitrogen atom. 

Trimethylene dihrnmide^ CgHgErg, is prepared .by treating ally! bromide 
(p. 282 ) with concentrated hydrobroinic acid at 0°, 

CHjBr-CH-.CHa+HBr^CHjBr-CHj-CHjBr; 

it is a heavy, colourless oil, and boils at 1C4®. 

Since allyl bromide may be obtained from glycerol, which may be prepared from 
its elements (p.'220), a complete synthesis of piperidine may be effected. 

Trlraethylene dibromide may also be obtained by treating trimethylene glycol 
(p. 219) with hydrobromic acid. 



510 


Pyridine, Quinoline, Isoquinoline, 


occurs, but much more completely, when the hydrochloride of 
the diamine is distilled, 


CH,< 


NHIH; 

CH2-CH./iNH2 i 


CH, 




Piperidine may be reconverted into an open-cliain compound in 
various ways. When, for example, N benzoylpiperidine is treated with 
phosphorus pentachloride, it is converted into a dichloro compound, 
CHaCllCHah NrCCl CfiHB^ 'vliich decomposes when it is distilled, giving 
l: 5 -dichlovopent(me, CHaCI CHa-OH^-CHa'CHaCl, and benzonitrile. 


Derivative's of Pyridine . — The aZ/i'^-derivatives of pyridine 
occur in coal-tar and bone-oil, and, therefore, are present in the 
basic mixture obtained from the ‘ light-oir (p. 327 ) in the manner 
already mentioned ; they can only be isolated by repeated fractional 
distillation and subsequent crystallisation of their salts. The 
three (a, y) isomeric methyl pyridines or picolineSy CqH 4(CH3)N, 
the six isomeric dimethylpyridines or lutidineH, C3H3(CH3)2N, and 
the six trimethylpyridines or collidines, 05112(0113)3^, resemble 
the parent base in most ordinary properties ; unlike the latter, 
liovvever, they undergo oxidation more or less readily on treat- 
ment with a solution of potassium permanganate, and are con- 
verted into pyHdinecarhoxylic acids, just as the homologues of 
benzene yield benzenecarboxylic acids, the alkyl-groups or side- 
chains being oxidised to carboxyl-groups, 


+ 30 = C 3 H 4 (C 00 H)N + B, 0 , 
06H3(CH3)2N -f 60 - 05H8(OOOH)2N -f- 2H2O. 

This behaviour has been of great use for the determination of 
the positions of the alkyl-groups in many homologues of pyridine, 
that is to say, for their orientation (p. 343 ) ; the carboxylic acids 
into which they are converted are easily isolated and identified 
by their melting-points and other properties, and their constitu- 
tions have been determined in a simple manner (p. 512 ). 

Although pyridine itself is not easily synthesised, many of its de- 
rivatives have been obtained by the condensation of aldehydes with 
esters of iS-ketonic acids (p. 191) ijj the presence of ammonia (Hantzscli). 
Acetaldehyde, ethyl acetoacetate, and ammonia, for example, give ethyl 
dihydrocollidinedicnrhoxylate {\.)y which on oxidation is converted into 
ethyl collidinedicarhoxylate (li.). When the acid, obtained by hydrolys- 
ing this ester is heated with soda-lime, it is converted into 2;4:6-fri- 
methylpyridine (or collidine). 
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EtOOC-Cll |jC-COOEt 


CHa'OOll HOCCH;, 
Hv^H 
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CHs'cll Ik 


ic-CHa 


CH* 

EtCK)C| ICOOEl 
CHs. JcH* 


V 


II. 


Since other aldehydes may he used instead of acetaldehyde, and vaiious 
diketones in the place of (one molecule of) ethyl acetoacetate, it is 
possible to synthesise many derivatives of pyridine in a similar 
manner. 


Tim pyridinecayhoxylic acids^ as a class, are perhaps the most 
important derivatives of pyridine, chiefly because they are 
obtained as oxidation products of some of the alkaloids. 

The three (a, Bj y) monocarboxylic acids may be prepared by 
oxidising the corresponding picoUnes or methylpyridines (see 
above) with potassium permanganate. The a-carboxylic acid is 
usually known as picolinic acid (m.p. 136°), because it was first 
prepared from a-picoline, whereas the /^-compound is called 
nicotinic sijCid (m.p. 229°), because it was first obtained by the 
oxidation of nicotine (p. 530). The third isomeride — namely, 
the 7 *carl)oxylic acid — is called isonicotinic acid, and is the 
oxidation product of y-picoline : when it is heated it sublimes 
without melting. 

These monocarboxylic acids are all crystalline and soluble in 
water ] they have both basic and acidic properties, and form salts 
with mineral acids as well as with bases, a behaviour which is 
similar to that of glycine (p. 202). 

The a-carboxylic acid, and many other pyridinecarboxylic 
acids which contain a carboxyl-group in the a-position (but only 
such), give a red or yellowish-red colouration with ferrous sulph- 
ate. A carboxyl-group in the a-position, moreover, is usually 
very readily eliminated when the acid is heated ; picolinic acid, 
for example, is much more readily converted into pyridine than 
is nicotinic or isonicotinic acid. 

Quinolinic acid, € 5 H 3 (COOH) 2 N {pyridine-2\^-dicarhoxyUcacid)y 
is produced by the oxidation of quinoline with potassium per- 
manganate. It crystallises in colourless prisms, is only sparingly 

Org. 34 
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soluble in water, and with ferrous sulphate, an orange 

colouration, one of the carboxyl-groups being in the a-position. 
When heated at 190'", it decomposes into carbon dioxide and 
nicotinic acid ; on distillation with lime, quinolinic acid, like all 
pyridinecarboxylic acids, is converted into pyridine. 

Unlike phthalic acid, quinolinic acid is not converted into 
its anhydride when it is heated alone ; nevertheless, when heated 
with acetic anhydride, quinolinic acid gives a crystalline anhydHde^ 
nr\ 

C5H3N<^X ^C), melting at 134^ Tliis fact indicates that the 
00 ^ 

carboxyl-groups are in the o-position, as in phthalic acid ; the 
formation of the acid from quinoline (p. 514) confirms this in- 
dication, and fully establishes the structure of the acid. 

Cinchomeronic acid, C^H3(COOPI)2N {pyridme-?i-i-dicarhoxyUc 
acid)^ is produced by the oxidation of quinine (p. 537) with nitric 
acid, or of isoquinoline with potassium permanganate; it melts at 
about 266°, and when cautiously heated it is decomposed into 
nicotinic acid, isonicotinic acid, and carbon dioxide. 

Since the constitutions of quinolinic and cinchomeronic acids 
are })roved by their methods of formation, the fact that nicotinic 
acid is obtained from hath these acids, which are 2:3 and 3:4 
derivatives respectively, proves tliat nicotinic acid is pyridine-3- 
carboxylic acid ; isonicotinic acid which is also formed from the 
3:4-acid, must therefore be pyridine-4-carboxylic acid ; and the 
third isomeride, picolinic acid, pyridine-2-carboxylic acid. It 
should be noted that the a, and y correspond with the 2, 3, 
and 4 positions respectively. 

coon 



Picolinic Acid. Nicotinic Acid. Isonicotinic Acid. 
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Quinolme and IsoqulnoHne. 

Quinoline, was lirst obtained by Gerliardt in 1842 by 

heating quinine with alkalis. It occurs, together with hoqiihwlmey 
in that fraction of coal-tar and bone-oil bases (p. 505) which is 
collected between 236'' and 243°; it is difficult, however, to 
obtain the pure substance from this mixture. On the other 
hand, quinoline is easily prepared synthetically by Skraup's 
reaction — namely, by heating a mixture of aniline and glycerol 
witli sulphuric acid, together with arsenic acid or nitrobenzene, 
both of whicli act as oxidising agents. 

Concentrated snlpliuric acid (72 g.) is gradually added to a mixture 
of aniline {25 g.), arsenic acid (‘^8g. ), and anhydrous glycerol (77g.)» and 
the mixture is then very cautiously heated in a large flask (with air 
condenser) on a sand-bath.^ When tlie reaction whicl> lirst sets in has 
subsided, the liquid is boiled during about two and a half hours. It is 
then diluted with water, and treated with an excess of caustic soda 
to liberate the quinoline and the unchanged aniline from their sulphates ; 
the bases are then obtained from the mixture by distillation in st€*am. 
Ah those two bases cannot be completely separated by fractional dis- 
tillation, the whole of the aqueous distillate is acidified with sulphuric 
acid, and sodium nitrite is added until nitrous acid is permanently 
present (p. 403) ; the solution is then heated in order to convert the 
diazoiiiiiin-salt into phenol, rendered alkaline with caustic soda (in order 
to ‘fix’ the j)henol), and again submitted to distillation in steam. The 
quinoline is finally separated with the aid of a tap funnel, dried over 
solid potash, and purified by fractional distillation. 

Quinoline is a colourless, highly refractive oil, of sp. gr. 1*095 
at 20°, and boils at 239°. It has a pleasant, characteristic smell, 
and is sparingly soluble in water. It forms crystalline salts, such as 
tlie hydrochloride, CpHyN,HC 1, and the mlphate, (C 9 H 7 N) 2 ,H 2 S 04 , 
which, as a rule, are readily soluble in water The dicliromatei 
(CpH 7 N) 2 ,H 2 Cr 207 , prepared by adding potassium dichromate to 
quinoline hydrochloride in aqueous solution, crystallises from water, 
in which it is only sparingly soluble, in glistening yellow needles, 
melting at 165°. The platmichlonde, (C9H7N)2,H2PtCl^),2H20, 
is only very sparingly soluble in water. 

Constitution . — Quinoline is alkaline to litmus, but it does not 

^ The reaction is liable to be very vigorous, especially when nitrobenzene is 
used and, as soon as it starts, the burner is temporarily withdrawn. 
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give the reactions of a primary or those of a secondary base ; oil 
the other hand, it combines with methyl iodide to form the 
additive product methylquinolonium iodide [qaiiioUne inetModide)^ 
CgH^NyCH^T, in.p. 133', and in this and other respects shows 
the behaviour of a tertiary base (p. 518). Now the relation 
between pyridine, C^H^N, and quinoline, CpII^N, on the one 
hand, is much the same as that between benzene, and 

naphthalene, CjQlTg, on the other, both as regards molecular 
composition (the difference being C 4 II 2 in both cases) and chemical 
behaviour ; possibly, therefore, quinoline is derived from pyridine, 
just as naphthalene is derived from benzene ; if so, its constitu- 
tion would be expressed by one of the following formula 3 : 


CH CH CH CH 



Now, quinoline differs from pyridine, just as naphthalene differs 
from benzene, in being relatively easily oxidised, and when heated 
with an alkaline solution of potassium permanganate it yields 
quinolinic acid, C 5 H 3 (COOH) 2 N, a derivative of pyridine (p. 511). 
This fact proves that the molecule of quinoline contains a pyridine 
nucleus ; but it also contains a benzene nucleus, as is shown by 
its formation from aniline by Skraup’s method. Its constitution, 
therefore, must be expressed by one of the above formulae, as these 
facts admit of no other interpretation. But formula ii. is inad- 
missible, because it does not account for the formation of quinoline 
from aniline. For these and many other reasons, the framework of 
the quinoline molecule is represented by i. (and that of isoquinoline 
by II. ; compare p. 517). 

This symbol, or formula, although incomplete, shows clearly that 
quinoline is related both to benzene and to pyridine in structure 
and, therefore, in chemical behaviour ; with its aid many syntheses 
of quinoline and its derivatives^have been suggested and accom- 
plished. It also explains the observed isomerism of quinoline 
derivatives, and shows, for example, that seven mono-substitution 
products, X’CpHgN, should exist, as has been proved to be true in 
the case of the methylqmnoUnes* 
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The relationship between these isomerides is plainly seen when 
tlie framework of the parent base is represented by a double liexagon, 
showing the symbol for nitrogen only, and numbered (as on p. 514) 
for the usual purpose. 

Several complete structural formulse for quinoline, differing in much the 
same way as those of benzene (p. 335), naphthalene (p. 480) and pyridine 
(p. 608), have been suggested in da 3 ^H gone by, hub need not be given here. 

The formation of quinoline from aniline and glycerol by 
Skraup’s reaction involves, no doubt, a series of changes, the 
exact nature of Avhich is unknown. It may be that from glycerol, 
by the loss of a molecule of water, there is formed a compound (i.), 
which condenses Avith aniline to form an intermediate product 
(ii.)* the latter, by the loss of a molecule of water, may then be 
converted into a dihydroqumoline (in.), which is finally oxidised 
to quinoline. Various other explanations of the mechanism, of 
tliis reaction have been suggested, but the matter is still un- 
decided. 


CHsOH 

CHo-OH 

^ CHu 

CH f 

II 1 

1 J 

'ICH ( 

CH 1 

on 

CHOH ^ 




I. 

II. 


III. 


Many derivatives of quinoline may be obtained by Skraup^s 
reaction, using substitution products of aniline, in Avhich one at 
least of the o-positions to the NHg- group is not occupied; when, 
for example, any one of the three tolnidines (p. 394) is employed, 
a methylquinoUne is formed, and it is known that the product is 
a Bz-methylquinoline, that is to say, that tlie methyl-group is 
combined with carbon of tlie benzene nucleus ; further, the con- 
stitutions of the compounds obtained from o- and p-toluidine 
respectively are completely established, whereas in the case of 
m-toluidine, which gives two products, it is known that one of 
these is 5- and the other is 7-methylquinoline. Other Bz-deriv- 
atives of quinoline may be obtaineil in a similar manner, and 
Skraup’s reaction may also })e used for the preparation of analogues 
of quinoline from the naphtliylamines and other aromatic amino- 
compounds. 

Quinoline may also be obtained syntlietically by otlier reactions 
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which establish its molecular framework. It is formed ■when o- 
aminobenzaldeliyde is condensed with acetaldehyde in the presence 
of dilute alkali, 



and when the vapour of ally Ian iline, is 

passed over strongly heated lead oxide. Its hydroxy-derivative 
(rurhostyril) is produced by tlie reduction of o-iiitrocinnainic acid 
(p. 464), which is first converted into o-aininocinnarnic acid, and 
then by the loss of the elements of water, into %htjdroxy quinoline, 


CH 



Since the carbonyl -group of a carboxylic acid does not coinlense witli 
an amino-group to form -N — 0(011)- it. may be a.^snmed that the o-amino- 
cinnamic acid is first converted into its lactani, -NH -C0-, which then 
by tautomeric change gives the lactim, - N = C(OH )-. When tlm hydroxy- 
quinoline is treated with phosphorus pentachloride it gives a-chloro- 
quinoline, which is reduced hy hydriodic acid and converted into 
quinoline. 

Many derivatives of qninoline are obtained hy the condensation of 
aniline (or of substitution products of aniline) with aldehydes in fclie 
presence of sulphuric acid (Dobner and Miller); aniline and acetalde- 
hyde, for example, give 2-methylqninoline {qninaldinc), abase (h.p. 247°), 
which on reduction with sodium and alcohol is transformed into dl- 
CU ^ 

tetrahydroquinaldine, 4 ^ p. 247°). 

The mechanism of the formation of quinaldine is not known ; it is 
possible that the acetaldehyde is first converted into aldol, which then 
undergoes a tautomeric change giving the dihydroxy -compound i. ; the 
latter by condensation with the aniline might then give the intermediate 
product IT., which is oxidised by the sulphuric acid to 2-methylquinoline ; 


CH'OH 9 CH 
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Certain derivatives of quinoline and qninaldine arc used for rendering 
photographic plates or films more sensitive to the green, yellow, or red 
rays of the spectrum. 

Isoquinoline^ CgH^N, occurs in coal4ar quinoline, and may be 
isolated by converting the mixed bases of the fraction boiling at 
236-243"" into the hydrogen sulpliates, CgH^KjH.ySO^, and re- 
crystallising these salts from alcohol (88 ])er cent.) until the 
crystals melt at 205"". The sulphate of isoquiuolinc, thus obtained, 
is decomposed with alkali, and the base piiriiied by distillation. 
Isoquinoline melts at 23"^’, and boils at 241’; it is a tertiary base, 
very like quinoline in chemical properties, and gives a crystalline 

CglLN,]VIeI (ni.p. 159"). 

The close relationship between quinoline and isoquinoline 
indicates that the nu)le<mle of the latter, like that of quinoline, 
is composed of a benzene and a pyridine nucleus condensed 
together. This view is confirmed by the fact that when isoquinol- 
ine is oxidised with permanganate, it yields phthalic acid together 
with cinchomeronic acid, C 5 H 3 (GOOH) 2 N, which is known to ho 
a pyiidinedicarhoxylic acid (p. 512). If now the constitution of 
isoqiiinoline is expressed by the formula given below, these 
results are easily explained; oxidation takes place in two direc- 
tions, in the one case the pyridine (Py), in the other the benzene 
(Bz), nucleus being disintegrated : 


CH cii on CH 



Phthalic Acid. Isoquinoline. Oiiicljorneronic Acid. 


This view of the constitution of isoquinoline is fully established by 
the following synthesis of the base : o-Nitrotoluene (p. 385) is converted 
into o~cyanotolue 7 ic {o-tolunitrile) by methods corresponding with those 
employed in preparing phenyl cyanide from nitrobenzene (p. 404), and 
this cyano-derivative is then chlorinated at its boiling-point. The 
product {ty-cyanoheiizyl Moride)^ CN'CgH 4 *CH 2 Cl, is treated with potae.s- 
ium cyanide, and the o-cyanohenzyl cyanide, CN C 6 H 4 CH 2 -CN, is trans- 
formed into o-homophth<xlic acid, COOH‘C 8 H 4 (^H. 2 ‘COOH (a Ao/nologue 

CH *CO 

of phthalic acid), by hydrolysis. Homophthalimidc, pGp 4 '^ 00 ?]s^jj^» 

prepared by heating the ammonium salt of the acid (compare p. 458), 
may be directly converted into isoquinoline by distillation over strongly 
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heated zinc-dust. This change may also be brought about by treating 
the homophthalimide with phosphorus oxychloride and then reducing 
the product {dichloroisoquinoline) with hydriodic acid ; these reactions 
may be summarised as follows : 


P ^ ^CHg CO-v.. 

^6ti4Vco NH 

,, „ ^CH:CCb^ 


-C{011) = N''^ 


Oydic bases . — It will be seen from the above description of 
piperidine, pyridine, and quinoline that aromatic bases which owe 
their basic character to the group, >NH, or forming pa?*f of 
a closed-chain^ show the same chemical behaviour as opendmin, 
secondary or tertiary bases respectively, so far as these particular 
groups are concerned. 

Tlie secondary bases, such as piperidine, which contain the 
group, yield niirosoannnes, and with an alkyl halide, they 
are converted into N-alkyl-substitution products, just as dietliyl- 
amine, for example, reacts with ethyl iodide, giving triethylaniine. 

These alkyl-derivatives of the secondary closed-chain compounds 
are themselves tertiary bases, and with alkyl halides, form additice 
products wliicli are quarternary ammonium salts (p. 197). The 
hydrogen atom of the >^11 group in secondary closed-chain bases 
is also displaceable by the acetyl and other acyl radicals. 

The tertiary bases, such as pyridine and quinoline, in which the 
nitrogen atom is not directly united with hydrogen, do not yield 
nitroso- or acetyl-derivatives, but they unite with one molecule of 
an alkyl halogen compound giving additive compounds, wliich are 
quaternary ammonium salts. 


Faran, Tldophene.y and Pyrrole. 


Furau, thiophene, and pyrrole are three heterocyclic compounds 
(p. 507), the structures of which may be respectively represented 
hy the following formulae: 


CH-CHv 
1 >0 
CH = CH^ 


CH = CH 

6h=«h 


> 


CH = CH 
CH=cn 


)>NH. 


Furan. 


Thiophene. 


Pyrrole. l 


1 The names *faran' and * pyrrole' are misleading, since the termination an 
suggests aney which denotes a saturated hydrocarbon, and ole suggests an ether, 
such asariisole (p. 426) ; furfuraldehydo is sometimes called furfuro) orfurol, which 
are also unsatisfactory names for an aldehyde. 
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Each is the parent sul)stance of many derivatives, Avhich in some 
ways behave like aliphatic, and in others like aromatic, compounds, 
and thus form connecting links l>etween the two types. 

Furan, is obtained by heating tlie barium salt of pyro- 

mucic acid with soda-lime (Liinpriclit) ; it is a colourless liquid, 
boiling at 32° and occurs in wood-tar. 

Pyromucic acid, C^IlyO *00011 {furancarlHJxylic acid), is prepared 
by oxidising furfuraldehyde with sodium chlorate in the presence 
of a trace of vanadium pentoxide, but was first obtained by heating 
mucic acid (p. 288) ; 

The mucic acid, C()01I CH(OH)*CH(OH)*CH(OH)*CH(OH) COOH, 
first loses the elements of water (2 mols.) giving dehydromucic acid (i.), 
whii li is then deconqx)sed into pyromucic acid (ii.), carbon dioxide, and 
water, 


Cn(^H(OH) 

II I 

coon-c cn-cooH 
\/ 
o 

I. 


CII— CH 


L I 

\x 

o 


i-COOH 


CH—CH 

L i, 

V 


•CHO 


(UI 

V ■ 


Pyromucic acid (m.p. 134 ) is very like benzoic acid in properties. 

Furfuraldehyde, C^II.^O'CHO {furfural), is oblained quanti- 
tatively wlieii pentoses, such as arabinose and xylose (p. 306), are 
distilled with liydrochloric acid ; it may be supposed that the 
pentose first loses two molecules of water, as indicated, 

H CH(OH) CH(OH)*CH(OH)*CH(OH) CHO — CH=:CH CH = C-CHO 

6h oh 


and then, by a further loss of water, is converted into the alde- 
hyde (ill. above). 

Furfuraldehyde is usually prepared by heating bran with dilute 
sulpl)uric acid and then distilling the product in steam. It boils 
at 162°, and yields a liydrazoue (m.p. 96°), which is practically 
insoluble in water ; by ascertaining the weight of the hydraz- 
one, which can tlius be obtained when a vegetable product is 
distilled with acid, the quantity of the pentoses contained in 
the sample may he determined. 

Furfuraldehyde shows many of the reactions of benzaldehyde. 
d'hus, when shaken with caustic potash, it yields a mixture of 
furfuralcohol (iv. above) and furancarboxylic acid, just as l)enzalde- 
hyde gives benzyl alcohol and benzoic acid (p. 440). It may also be 
successively transformed into furcin, QJIgO 'CO *011(011 )*C^HgO, 
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and /wnY, C4H80-C0*C0’C4Hg0, by reactions exactly analogous 
to those by wliich benzaldehyde is converted into benzoin and 
benzil (p. 441). 

Furfuraldehyde may be very readily detected by the deep-red 
colour whicli it gives when aniline is added to its alcoholic 
solution. 

TMophene, C4H4S, was discovered by V. Meyer as a result 
of the observation that whereas coal-tar benzene shows the indo- 
phenin reaction (p. 330), pure benzene (from benzoic acid) does 
not. 

It was at first thought that the blue colouring matter, called 
indophenin, had been produced by the condensation of one 
molecule of isatin with one molecule of benzene. V. Meyer 
showed that indophenin has the composition, CJ2H7ONS, and 
that it is produced from isatin and thiophene. 

Thiophene may be extracted from coal-tar benzene (which 
contains about 0-6 per cent, of this sulphur compound) by shak- 
ing the crude hydrocarbon with concentrated sulphuric acid ; 
the thiophene dissolves in the form of tMoplienesulphonic acid, 
C4Hg(S0.5TI)S, which may be isolated by one of the usual methods 
(p. 417), and converted into its lead salt; when the latter is 
heated with ammonium chloride, thiophene passes over. 

Thiophene may also be obtained by heating sodium succinate 
with phosphorus trisulphide ; it may be assumed that in this 
reaction the succinic acid is first converted into the dienolic iso- 
meride, and that the dihydroxyfhiophcm, which is first produced, 


CH2COOH 

CHgCOOTl 


CH:C(0H)2 


CH:C(OH)v 

CH:C(OH)/®’ 


CH:C(OH)j; 

is then reduced by the hydrogen sulphide, which is formed 
during the reaction. Under similar conditions, Isevulic acid 
(p. 191) is converted into methyltMophene, C4lT3MeS (ihiotolene), 
a compound which occurs in crude coal-tar toluene (p. 365). 

Thiophene and its derivatives show an extraordinarily close 
resemblance to benzene and its derivatives ; corresponding com- 
pounds have almost the same boiling-points, and are very similar 
in chemical properties. Thiophene boils at 84®. 

Pyrrole, C4H5N, was discovered in bone-oil by Runge in 1834, 
and was more fully investigated by Anderson. It is formed by 
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passing a mixture of acetylene and ammonia through a red-hot 
tube, 

2C2H2-1-NH3 = C4H,N + H2, 

by heating succinimide with zinc-dust (compare thiophene, p. 520), 
and by heating the ammonium salt of mucic acid with glycerol 
at about 200°. (Compare formation of pyromucic acid and furan, 
p. 519.) It boils at 131°, has an odour recalling that of chloro- 
form, and turns brown on exposure to the air. 

Pyrrole and its derivatives impart a crimson colouration to a 
pine-chip moistened with hydrocliloric acid and held in the 
vapour of the substance ; in contact with strong acids, pyrrole 
is rapidly converted into an orange-red substance (pyrrole red), 
hence the name, pyrrole, from red. 

Pyrrole is a very feeble base, and also, like diphenylamine 
(p. 398), shows acidic properties ; wdien heated with potassium it 
gives a crystalline derivative, C 4 l:l 4 NK, wliich, however, 

is hydrolysed by water. 

Pyrrole is a compound of very great pliysiological interest, 
because the molecules of some of the more important animal 
and vegetable substances, such as hinmin and chlorophyll contain 
pyrrole nuclei (p. 577). Tetraiodopyrrole^ C 4 I 4 NH, is obtained 
when pyrrole is treated with iodine and an alkali ^ it forms brown, 
odourless crystals, which decompose at about 140°, and is some- 
times used as an antiseptic in the place of iodoform. 

Potassium pyrrole reacts with alkyl halides, giving IS alkyl derivativ es, 
but when these comjmundH are .strongly heated they undergo isomeric 
change ; the alkyl gioiip migrates to the adjacent carbon atom and (■• 
alkyl substitution products of pjurole are formed (compare pyridine 
rnethiodkle, p. 506). Very interesting reactions also occur when pyrrole 
is heated with sodium ethoxide and a di- or tri-halogen derivative of 
methane; with methylene diiodide, for example, pyridine is formed, 
whereas chloroform and bromofovm give Z chloro- and ^ hronnopyridwr 
respectively, a CH or OX group passing into the pyrrole molecule. 
Another interesting change takes place when pyrrole is treated uith 
hydroxylamine ; the closed chain undergoes and the dioxime of 
succindialdehyde is formed, 


im-cu? 


CH.,CH;NOH 


+ NH~. 


Reduction Products of Pyrrole . — When pyrrole is reduced wdth 
zinc and acetic acid, it yields pyrroline (b.p. 91°), which on 
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further reduction with sodium and alcoliol is transformed into 
pyii'olidine (b.p. 87°) : 


CH:CH 

I 

CH:Gri 

pyrrole. 


NH 


CH-CHg 

II 

CHCH^ 

Pyrroline. 


)>NH 


I 

CH,CH. 

Pyrrolidine. 




The reduction of pyrrole is accompanied by a great increase 
in the basic nature of the heterocyclic compound ; })yrro]ine gives 
stable salts with acids, and pyrrolidine is strongly basic, like 
diethylaniine or piperidine, which it closely resembles in other 
respects. 

Pyrrolidine lias been synthesised by reactions exactly similar 
to those employed in the synthesis of piperidine (p. 509), which 
may be summarised as follows : 


CH^Br-CHoBr CN-CHs-CHg-CN 

CHoCH.x 

— I - ' >NH. 

CHj-CH/ 

Many derivatives of fin an, thiophene, and pyrrole may be 
prepared synthetically from 1:4- or y-diketones such as acetomjl- 
aceiotii^ CH.pC()’CH 2 ‘CTl 2 ‘G()‘GH 3 ,^ which contain the grouping, 
-GO'CHR'CHR'GO-. When such diketo-compounds are treated 
with \a) sulphuric or hydrochloric acid, {h) phospliorus tri- 
sulphide, or (c) ammonia, tliey are transformed into derivatives 
of {a) furan, {h) thiopliene, and (c) pyrrole respectively. In 
tiiese changes the diketo-compound probably reacts in the di- 
enolic form : 

RC OR 


RC— CR^ 


CHo-C C-CH, 

\/ 

O 


(«) 


CHj.C 


CCH, 


,OH OH. 


RG:^^.r;-R 

I II 

CH.-C C-CH, 

Y ■ 

(») 


RC— OR 

II II 

CH,-C CCIL 
■ \/ 

NH 

(c) 


1 Acetonylacotono is obtained when the sodium derivative of ethyl acetoacetate 
is treated with chloroacetone, CHyCl'CO'CIiR, and the product is then submitted 
to ketonic hydrolysis. 
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Many compounds of these types have been prepared by similar 
methods from various l:4-diketones, ’svhich can be obtained 
synthetically from ethyl acetoacetate. 

The Constitutions of Furan^ Thiophene, and Pyrrol . — Althoiigli the 
niolecules of these three lieterocyclic compounds are relatively .simple, 
it is not easy to represent them hy satisfactory structural foritiuhc. 
In each of those already given (p. 518) there are shown two olefinic 
bindings, from which it might he inferred that the compound behaved 
like a di oleline (p. 94) and combined directly with two molecnles of 
bromine, hydrogen bromide, &c. ; this, however, is not the case. With 
most reagents furaii, thiophene, and pyrrole do not give additive juo 
ducts ; pyrrole, for examjde, gives, even with iodine, a tetra-siibstitution 
product (p. 521); thiophene reacts readily with chlorine and hromiiie, 
givingsu))stitution piodiicts, and also iarmn u nitrothiojdienc, 
by direct nitration. In nearly all their reactions, in fact, the three 
heterocyclic compounds behave like aromatic, rather than aliphatic, 
substances, and show a henzenoid character, altliough they are les.s 
stable than molecules which contain a benzene nucleus. For thc.se 
rea-sons, and in spite of the fact that many syntlieses, such as those 
just given, accord well with the formuhe on p. 518, these structures are 
unsatisfactoiy (p. 496). It may he noted that for distinguishing the 
substitution products, the two carbon atoms next to the O, S, or NH 
group are lettered, a, the other two, /3, in all three formula*; in tlie 
formula for pyrroline (p. 522) it will be seen that the double binding is 
shown between the t\^o /^-carbon atoms, and not between a fi- and 
an d-carbon atom as might have been expected. The rejison for this 
will be given later (Part III.). 

Antipyrine, C^HiaON.^ (plienazone), is a 1 :2;3-pl)enyldimetbyl -deriva- 
tive, of a closed-chain compound, which is called 

olone. It is manufactured by beating ethyl acetoacetate with phenyl- 
hydrazine and tlien methylating the product wdtli methyl cliloride under 
pressure; the bydrazone (I.), which is first formed, loses a molecule of 
alcohol, giving a l-phcnyl-Z-imthylpyrazolone {u.) which, when methyl- 
ated, is converted into a \\2.Zphenyldimeihylpyrazolone (rii.). As the 
structure of this compound (ill.) has been determined by other synthe.ses, 
it must he concluded that the l-plienyl-3-inethylpyrazolone undergoe.s 
isomeric change before it is methylated. 


/CHo CO OEt 

CH3-C/ 

^N-NH*C«Hc 

(I.) 


CILC 


/ 


CHgCO 

I 

N-N-CJI 

(n.) 


5 


CH3-C< 1 

(III.) 


Antipyrine is a crystalline compound (m.p. 113”), and is readily soluble 
in water ; it is a strong mono-acidic base, and is a powerful antipyretic. 
Its salicylate is also used as an antipyretic, under the name of salipyrine. 
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Indole and He Derivatives. 

The inoleculo of iridolo is composed of a benzene nucleus which 
is condensed (p. 478) in the o-position with a pyrrole nucleus and 
may be called a benzo- or pheno-pyrrole. Indole is related to 
indigo-blue, and some of its simpler derivatives were^ prepared by 
Baeyer in liis researches on that very important compound. The 
following formulse, based principally on the results of Baoyer’s 
work, show the structures of indole and of some of its derivatives: ^ 



NH NU Nil Nil NH 

Indole. Jndoxyl. Oxiiidolc. Bioxindole. Isatin. 


Most of these compounds show tautomerism ; indoxyl and 
oxiiulole give derivatives of the keto-forms, -CO - CFl, ~ NH- 
and -CH 2 - 0(.) - Nil- respectively, and isatin gives derivatives 
of the lactim, - (JO - C(t)IT) — N- (p. 51G). 

Indole, Cgll 7 N, the parent substance of this grou]), is related 
to indene (p. 491), as well as to pyrrole (p. 520), and the other 
compounds shown above ; some of its derivatives, such as trypto- 
phane (p. 552), are of great importance, as they are found among 
the decomposition products of certain proteins ; indole itself occurs 
in coal-tar, from which it is extracted commercially. 

Indole can be obtained by heating oxindole or indigo-white 
(p. 606) with zino-dust. It is colourless, melts at 52”, is volatile 
in steam, and has an odour similar to that of naphthylamine ; its 
vapours and its solutions impart a cherry-red colour to a pine- 
chip moistened with alcoliol and hydrochloric acid (p. 521), and, 
like indene, it forms a crystalline compound with picric acid. 
It is only a feeble base, and is converted into resin by acids. 

Many indole derivatives have l>een prepared by lieating the pheriyl- 
hydrazones of aliphatic aldehydes, ketones, and ketonic acids with 
hydrochloric acid or zinc chloride (Fischer). The hydrazone of prop- 
aldehyde, for example, gives ^4nethylindole {skatole^j^ a compound 
which occurs in heces, and has a very unpleasant smell, 

CjHs NH N :CH •CHa CHs= + NH, ; 

* The benzene nucleus is indicated by dotted lines only. 
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in a sijnilar manner tlie hydrazone of pyruvic acid (p. 191) gives indole- 
a-carboxy/ ir. acid. 

Indoxyl) CgHQ(OH)N (/^-hydroxyindole), is produced by fusing 
pheiiylglycine-O-carboxylic acid with caustic alkalis in the absence 
of air (p. 608). It forms yellow crystals, melts at 85°, and in 
alkaline solution undergoes atmospheric oxidation, giving indigo- 
blue (indigotin). 

Oxindole, can be obtained by reducing isatin or 

dioxindole (see below), and also by the reduction of o-nitrophenyl- 
acetic acid, 


C»H 


/CH,COOH 


CH„COOH 

NH, 



this last reaction shows that oxindole may be regarded as the 
lactam of o-aininophenylacetic acid (p. 516). Oxindole crystall- 
ises ill colourless needles, melting at 127°, and, in a moist con- 
dition, is oxidised to dioxindole on exposure to the air. 

Dioxindole, CgH^OgN, is obtained by reducing isatin with zinc- 
dust and hydrocliloric acid; it is crystalline, melts at 180°, and 
when treated with sodium amalgam and water, it is converted 
into oxindole. In aqueous solution it undergoes atmospheric 
oxidation to isatin. 


Isatin, CgHgOgN, is obtained by oxidising indigo-blue with 
nitric acid ; it crystallises in orange-red prisms, melting at 201°, 
and is practically insoluble in cold water, but it dissolves readily 
in caustic alkalis, giving yellow solutions of salts derived fron) 
the lactim (p. 524), When isatin is treated with phosphorus 
pentachloride in benzene solution, it is converted into isatin 
Moride^ also a derivative of the lactim, which gives indigotin 
on reduction with zinc-dust and acetic acid. 

Isatin can be synthesised by treating o-nitrobenzoyl chloride 
with silver cyanide, hydrolysing the cyanide to the acid, 
and then reducing the latter ; the o-aminohenzoylformie acidy 


C6H,< 


CO-COOH 

NHa 


lactam, isatin. 


thus formed, passes spontaneously into its 
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CHAPTER XXXVI. 

VEGETABLE ALKALOIDS. 

From very early times many crude products of the vegetable king- 
dom have been used in medicine, and subsequently the })hysiO' 
logically active compounds, contained in these crude products, 
vrere isolated and studied. They were found to be nitrogenous 
substances, having a basic or alkaline character, and were there- 
fore classed as the vcgetabLe aUcalolds. This term is still used, 
but can hardly be defined ; it is applied to compounds which 
differ widely in properties and in constitution, but broadly, a 
vegetable alkaloid is a nitrogenous, basic compound which has 
some pronounced physiological action. The term, alkaloid, may 
also be applied to similar active substances, obtained from the 
animal kingdom, or even prepared synthetically, and not known 
to occur ill nature. The following general statements refer 
more particularly to the important medicinal products of the 
vegetable kingdom. 

Most alkaloids are composed of carbon, hydrogen, oxygen, and 
nitrogen, have a high molecular weight, and are crystalline and 
non-volatile, but a few, notably coniine and nicotine, are composed 
of carbon, hydrogen, and nitrogen only, and are volatile liquids; 
with the exception of these liquid compounds, which are readily 
soluble, the alkaloids are usually sparingly soluble in water, but 
they dissolve in alcohol, chloroform, ether, and other organic 
solvents; with acids, they form salts, which are usually soluble 
in water and crystallise well. Most alkaloids are optically active, 
usually Isevorotatory (coniine is dextrorotatory), and have been 
largely used for the resolution of externally compensated acids. 
Many alkaloids have a very ^bitter taste, and are excessively 
poisonous ; many, moreover, are extensively used in medicine, 
and their value in this respect can hardly be overrated. 

The extraction of alkaloids from plants, and their subsequent 
purification, are frequently matters of considerable difficulty, partly 
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because, in many cases, two or more alkaloids occur together, 
partly because soluble, neutral, and acidic substances, such as glucos- 
ides, tannic acid, malic acid, &c., are often also present in large 
quantities. Generally speaking, the alkaloids may be extracted 
by treating the macerated vegetable matter with dilute acids, 
which convert the alkaloids into soluble salts. Tlie filtered solu- 
tion may then be treated with sodium carbonate or ammonia to 
liberate the alkaloidvS, which, being sparingly soluble, are usually 
precipitated, and may be separated by filtration; if not, the 
alkaline solution is extracted with ether, chloroform, &c.^ An 
alternative procedure is to macerate the vegetable product with 
alkali, extract the alkaloid with a solvent, and then shake the 
solution witli a dilute acid ; the neutral substances remain in the 
organic solvent, while the alkaloid dissolves in the form of a 
salt. The alkaloid or its salt is then further purified by re- 
crystallisation, or in some other manner. Several examples of 
the extraction of alkaloids are given later in more detail (pp. 538, 
539, 541). 

Most alkaloids give insoluble precipitates with a solution of 
tannic, picric, phosphomolyhdic, or pliosphotungstic acid, and 
with a solution of mercuric iodide in potassium iodide, &c. ; these 
reagents, therefore, are often used for their detection and isolation. 
In cases of alkaloid poisoning, it is usual, after the stomach-pump 
has been used, to wash out the stomach with dilute tannic acid, 
or to administer strong tea (which contains tannin), in order to 
render the alkaloids insoluble, and relatively harmless. 

Generally speaking, the alkaloids are tertiary aromatic bases, 
but the constitutions of many of them have not yet been fully 
established, owing partly to their complexity, partly to the 
difficulty of resolving them into simpler compounds, which throw 
any light on their structures. The more important general 
methods, which have been used to determine the constitution of 
an alkaloid, may be summarised under the following headings : 

(1) Hydrolysis ; for the decomposition of esters (p. 534) and 
amides (p. 533). 

(2) Fusion with alkali, heating with zinc-dust, &c. ; under such 

* A mixture of benzene (3 vols.) and amyl alcohol (1 vol.) is often used by 
pharmacists, under the name of *benzolated ainylic alcohol,’ as a solvent for 
alkaloids. 

Org. 


35 
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treatment many alkaloids are resolved into sinij>lei' compounds, 
such as pyridine, quinoline, isoqiiinoline, Ac. 

(3) Decomposition with hydriodic acid. Many alkaloids con- 
tain one or two, sometimes three or more, methoxy-groups, 
(-O’CHg), united with a benzenoid nucleus, and when they are 
heated with concentrated hydriodic acid, they give methyl iodide 
and a hydroxy-compound (compare anisole, p. 426), 

+ nITI - n{-01i) + nCRJ, ; 

by estimating the methyl iodide, obtained from a given quantity 
of a compound of knoAvn molecular weight, it is possible to ascer- 
tain the number of methoxy-groups in the molecule ; other 
alkyloxy-groups may be determined in a similar manner. This 
method was first devised by Zeisel, and is of general application; 
it is conveniently carried out as follows : 

A weighed quantity (0'2-0‘4g.) of the alkaloid is placed in along- 
necked distillation flask, together with excess {]5-25c.c.) of distilltd 
hydriodic acid (b.p. 126®), free from hydrogen sulphided The outlet tube 
of the flask is connected with two small wash-bottles (in series), which 
contain a concentrated aqueous-alcoholic solution of silver nitrate, and 
a slow stream of carbon dioxide (free from hydrogen chloride) is passed 
into the hydriodic acid and through the whole a})paratus. The distilla- 
tion flask is heated in an oil- or glycerol -bath, so that the hydriodic 
acid is just raised to its boiling-point. The methyl iodide, which is 
formed, reacts with the silver nitrate, and the precipitated silver iodide 
is afterwards estimated in the usual way. 

(4) Exhaustive methylation followed by decomposition of the 
product. This is a process which is used for eliminating a 
nitrogen atom from a base, and the first step is to convert the 
base into a quaternary hydroxide by treatment with methyl 
iodide and silver (hydr)oxide alternately. Piperidine, for example, 
is thus transformed into N-methylpiperidine hydriodide, N-methyl- 
piperidine, dimethylpipeyidonium iodide (i.) and dimethylpipeii- 
donium hydroxide (ii.). When strongly heated, this hydroxide 
loses the elements of water and gives pentylenedimdhylamine (ni.). 
(Compare tetraethylammonium hydroxide, p. 197.) This base is 
now methylated and the quaternqjy hydroxide (iv.) is finally de- 

1 Hydriodic acid, prepared from iodine with the aid of hydrogen sulphide, 
often contains tlie latter; in that case the precipitated silver iodide is con- 
taminated with silver sulphide, and should be boiled with dilute nitric acid 
before it is collected. 
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composed into X-methylhviadinto ( initt-rijUnir) (v.) and triinetliyl- 
amiiie. It may be assumed that the primary product of this last 
change is CH 2 :CH’C/Hy'CH:CH 2 , whicli then undergoes isomeric 
change into 1-niethylbutadiene : 


CHa 

CHa 

CHo 

CHa 

CH 

/\ 

CHa CHa 

ill.. CHa 

/\ 


y\ 


CHa CHa 

CHa CH 

1 " 

CHa CH., 

6lh CH 

1 II 

CH CH 

1 II 

CHs CHj 

CHa CHa 

CH .2 CHa 
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N-OH 
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/l\ 

Me Me OH 

Me 

/l\ 

Me Me Me 

(i.) 

(II.) 

(III.) 

(TV.) 

(V.) 


(5) Graded oxidation ; with the aid of various oxidising agents, 
tlie molecule of the alkaloid may be disintegrated, giving simpler 
compounds, the structures of which may be determined (compare 
p. 538). 

By tlie combination of methods such as those indicated above, 
the structures of many of the less complex alkaloids have been 
settled and the compounds themselves have tlien been synthesised. 
Even when the complete constitutional formula is still undeter- 
mined, it may have been possible to prove that a given alkaloid 
is derived from some known compound. A classification of the 
alkaloids based on a knowledge of their structures thus becomes 
possible, and is adopted in the following account of the more 
important members of this group. 


Alkaloids derived from Pyridine, 

Coniine, one of the relatively simple alkaloids, is 

contained, with other bases, in the spotted hemlock (Conium 
7naculatum\ more particularly in the seeds, from which it may 
be obtained by distillation with caustic soda. It is a colourless 
oil, boiling at 166°, and is readily soluble in water ; it has a most 
penetrating odour, and turns brown on exposure to tlie air. 
Coniine is a strong secondary base ; its hydrochloride, 
and most of its other salts are readily soluble in water. Both 
the base and its salts are exceedingly poisonous,^ and cause death 

^ Persons condemned to death in ancient Greece were often poisoned with 
hemlock ; it was in this way that the life of Socrates was ended. 
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in a short time hy paralysing tlie muscles of respiration. Coniine 
is dextrorotatory. 

Coniine hydrochloride distilled over heated zinc-dust, gives conyrinCf^ 

which on oxidation yields pyridine-a-carboxylic acid (picolinic acid, 
j>. oil). Conyrine, therefore, is either ct-propyl- or a -isopropyl -pyridine, 
llydriodic acid converts coniine into nomial octane and ammonia ; the 
Hi<1e-chain in conyrine, therefore, is a normal propyl- and not an iso- 
propyl-group. From these and other facts it would appear that coniine 
is H-a-jiropylpiperidine (fV.). Tliis structure was fully confirmed hy 
Ladenburg’s synthesis of the compound ; as this was tlie first case in 
whicli a naturally occurring alkaloid was obtained artificially, the 
synthesis, described below, is of great historical interest. 

Coniine was synthesised by Ladenhurg in the following manner: 

Piperidine (which can be obtained from its elements, p. 509) 
is converted into pyridine ^ (p. 505), and from the latter the 
methiodide (i.) is prepared. This salt is heated at 300°, whereby 
it is transformed into a-picoline (methylpyridine) hydriodide (ii.) 
(compare p. 500). The a-picoline is heated with acetaldehyde 
(or paraldehyde) at 250°, and transformed into %propemylp>yridine 
(ill.), which is then reduced to 2-p>vopylpipevidine ((fZ-coniine) (iv.) 
with sodium and alcoliol. The r/Z-coniine is next converted into 
its f^Z-tartrate, and the salt is fractionally crystallised (p. 278) ; the 
more sparingly soluble salt of the ^Z-base, which crystallises from 
the solution (leaving the salt of the Z-base in the mother-liquor), 
is separated and decomposed with alkali. The rZ coniine thus 
obtained is identical with that from hemlock. 





Mel HI 

(I.) (II.) (ITT.) (IV.) 

Nicotine, CiqHj^N.,, is present in the leaves of the tobacco- 
plant (Nicotiana tahactm)^ combined with malic or citric acid ; 
it may be obtained from tobacco-leaves by the methods already 
indicated (p. 527). ^ 

^ As a rule, strongly heated zino-dust acts as a reducing agent (p. 362). 

2 Although coniine is a derivative of piperidine, it is necessary first to convert 
the piperidine into pyridine in order to substitute a methyl group for an a- 
hydrogen atom of the nucleus (p 506). 
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It is a colourless oil, which boils at 247°, has a very pungent 
odour, and rapidly turns brown on exposure to the air ; it is 
readily soluble in water and organic solvents, and is Jsevorotatory. 
Nicotine is exceedingly poisonous, two or three drops taken into 
the stomach being sufficient to cause deatli in a few minutes. 
It sliows no very characteristic reactions, but its presence may 
be detected by its extremely pungent odour (which recalls that 
of a foul tobac^co-pipe). 

Nicotine is a di-acidic base, and forms crystalline salts, such 
as the hydrochlori<h\ CjyHj4N5^,2HCl. It combines directly with 
two molecules of methyl iodide, yielding nicotine dimethiodide^ 
Cjf)H, 4 N 2 , 2 CH 3 T, a fact which shows that it is a di-tertiary base 
(p. 518). When oxidised with chromic acid it yields nicotinic 
acid (pyridine-/:^-carboxylic acid, p. 511); it is, therefore, a /3- 
])yridine derivative. 

Tlie results of various investigations having indicated that the /3- 
substituent was a univalent radical derived from N-niethylpyrrolidine 
(p. 522), the synthesis of nicotine was accomplished by Pictet as 
follows;^ Nicotinic acid {pyridine-/3*carboxylic acid) -was transformed 
successively into its ester and its amide, and the latter was converted 
into /^tamiiiopyridine by Hofmann’s reaction (p. 193). The salt of 
jfi-aminopyridine and mucic acid (p. 288), when distilled, yielded N /9- 
py tidy I pyrrole (i.), wliich, like other N-suhstitution })roducts of pyrrole 
(p. 521), underwent isomeric change into ^-pyridyl a-pyrrolc (ii.) when 
it was passed through a heated tube. This C-pyrrole derivative, with 
potash and methyl iodide, gave the product (iii.), which, distilled with 
lime, was converted into nicotyrine (iv.) (abase which is obtained by the 
oxidation of nicotine with silver oxi<le). 



(I.) (II.) (in.) (IV.) 


^ The syntheses of nicotine and those of some of the simpler alka1oic].s de- 
scribed in this chapter will indicate the manner in which it is possible to build 
up relatively complex molecules, when their structures have been determined by 
analytical processes, such as those already nientioned (p. 527) ; their committal to 
memory is Tjlftiecessary except for students working for an Honour.s Degree 
examination. 
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Now iiicot-yrine could not be directly reduced to nicotine, becnuRe 
those reagents wliich etfeiited the reduction of the pyrrole ring also 
added hydrogen to the pyridine nucleus. This difficulty was overcome 
by treating the nicotyrine with iodine and caustic soda, and reducing 
the iodo substitution juoduct (V.) with zinc and hydrochloric acid. The 
dihydronivotyrine (VI.), tlm.s formed, was converted intuits dibromide 
{VII. ), which, on reduction with tin and hydrochloric acid, yielded dl~ 
nicotine (VIIL); the resolution of this base with tartaric acid furnished 
/nicotine, identical with the naturally occurring compound : 


OH— rn OH— c:i I, 



(V.) (VI.) 


(iHUr-(JH, 

1 1 


(!H,— ( :H, 

1 1 

vnr (’H, 

r V 

-CR <'H, 

\ / 

... 1 


N 

1 

\/ 

N 

1 

Me 

N 

Me 


(VII.) (vm.) 


More recently a somewhat simpler syntliesis has been devised by Spath 
and Bretsclineider : The ethyl ester of nicotinic acid (I.) condenses with 
N-methyba-pyrrolidoue (ii.), in the presence of sodium ethoxide, yielding 
a substance (III.) which changes into (iv.), on being heated with hydro 
chloric acid (with the loss of carbon dioxide). This ketone (IV. ) is then 
reduced (zinc-dust and alkali) to the corresponding alcohol (v.), which is 
conveited into the iodide (vi.) with hydiiodic acid. Aqueous alkali 
transforms the iodide into r//-nicotine (vii.), which may be resolved n* 
before : 


/ y-cooBt 

H CH-CH., 

/ \-~(X) CH-Cll.2 
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(IV.) 
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(VL) 



N 

(VII.) 


Piperine, Ci^HigOgN, occurs to the extent of about 8-9 per 
cent, in pepper, especially in blacl! pepper {Piper nigrum)^ from 
which it is easily obtained by warming the powdered pepper with 
milk of lime, evaporating to dryness, and extracting the residue 
with ether. 
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It melts at 128°, and is almost insoluble in water; it is only 
a very weak base, is optically inactive, and is not of any physio- 
logical importance. On hydrolysis it gives piperidine (p. 509) and 
piperic acid, 

an + H^O = + Cj A0O4, 

and it may be obtained again by treating piperidine with the 
chloride of piperic acid. 

Piperic acid unites directly with four atoms of bromine, yielding a 
ftoinpound, Ci2llio04Br4, and tlieiefore its molecule i)robably contains two 
efchyleiiic linkages. On oxidation it gives pipeionylic acid, which is 
known to have the structure (I.), because it is decomposed hy boiling 
hydrochloric acid into protocatcchuic acid (II.) and carbon. Piperic acid 
tlirrefore must contain only one (unsaturated) side-chain (which gives 
rise to the carhoxyl group of pipeionylic acid), and is represented by (HI.). 


- 

110— f "'j 


^COOH 

/COOH 

/' 

0 — /CH:CHCH:CH*COOH 

(I) 

(IT.) 

(HI.) 


The structure of piperic acid having been determined, the complete 
synthesis of piperine was accomplished in the following manner : Proto- 
catecliuic aldehyde, obtained from catechol by the Tiemann-Pieimcr 
reaction, is treated with methylene diiodide and alkali and is thus trans- 
formed into pqyeronal (IV.), a compound obtained by oxidising piperic 
acid with permanganate. Piperonal is condensed with acetaldehyde to 
yield the compound (V.), which, with sodium acetate and acetic anhydride 



(IV.) 


CH,< 


jCH:CHCHO 


(V.) 


(Perkin reaction), gives piperic acid (see above). The chloride of piperic 
acid reacts with piperidine to form piperine, and thus the structure of 
the alkaloid is proved to be a.s shown below : 





Atropine, Ci 7 H.,;j 03 N (clatnrine), is prepared from the deadly 
nightshade {Atrojya Belladonna) which, like henbane {Hyoscijanius 
ntger), and Datura Stramonium^ contains various isomeric and 
closely related alkaloids, of which atropine and htjoscyamhie are 
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the more important; the latter is optically active, but readily 
racemises on treatment with bases, giving atropine. Atropine, 
therefore, is fl?^-hyoscyainine. 

Atropine crystallises in prisms, and melts at 118^; it is readily 
soluble in alcohol and ether, but almost insoluble in water. 

It is a strong base, and forms well-characterised salts, of whicli 
the sulphate, (Ci 7 H 230 gN) 2 ,H 2 '^^ 4 » readily soluble, and, therefore, 
most commonly used in medicine ; both the base and its salts are 
extremely poisonous, about 015-0*2 g. causing death. Atropine 
sulphate is largely used in ophthalmic surgery, owing to its re- 
markable property of dilating the pupil, when its solution is placed 
on the eye. 

Test for Atropine. — 'When a trace of atropine is moistened with fuming 
nitric acid, and evaporated to dryness on a water hath, it yields a yellow 
residue, wliich, on the addition of alcoholic potash, gives an intense 
violet solution, the colour gradually changing to red. 

When atropine is boiled with baryta-water it is readily hydro- 
lysed, yielding dl-tropie acid and tropine, 

C,,H,30«N + H3O = 

and conversely, tropic acid and tropine react in the presence of 
liydrochloric acid to form atropine. 

Tropine, thus proved to be an alcohol, is oxidised by chromic acid to 
a ketone, tropinoncj C^HisON ; it loses the elements of water when it 
is lieated with acids, giving tropidinCy CgHjgN, an unsaturated liase. 
Tropidine, by the processes of exhaustive inethylation and decomposition 
of the resulting quaternary hydroxide (compare piperidine, p. 528) is 
converted into a di olefiiiic tertiary base, C-Hg'NMea, which, by a re- 
petition of the same processes, is finally decomposed into eycloheptatricney 
PH • PH 'PH 

CH2<C^tt /Stt» trimetliylamine and water. The molecule of tropine, 
CH: CH’CH 

therefore, contains a closed -chain of seven carbon atoms, a conclusion 
which is confirmed by the fact that (normal) piinelic acid (p. 261) can 
also be obtained from tropine by a series of reactions, wliich also involves 
exhaustive methylation, &;c. Tropine, degraded by other metliods, gives 
a-ethyl pyridine. 

These facts indicated that the inoletule of tropine contained, not only 
a saturated closed-chain of seven carbon atoms, but also a saturated 
closed-chain consisting of five atoms of carbon and one atom of nitrogen. 
After a great deal of further investigation its probable structure (ir.) 
was determined, and finally established by a long and difficult synthesis 
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by Willstatter. A very simple synthesis was accomplished later hy 
Robinson, who obtained tropinone (i.) by the interaction of succindi- 
aldebyde (p. 521), metliylarnine, and acetone^ ; ibe tropinone can be re- 
duced to tropine (li. )i and finally this alcohol can be converted into its 
tropic ester, which is atropine (ill.). 


CH,C1T0 

CH2CHO 


MeN< 


HCH2 CH 2 -CH--(^H 2 CH2-CH-CH2 
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H-CH, 
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NMeCO 

I I 

(I.) 
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NMeiHOOCCI!<^ 


CH., -CH— CHo 


ch,oh‘ 


(III.) 


Tropic acid has been synthesised as follows: Acetoj)henone is converted 
into the dichloride witli phosphorus pentachloride, and the product is 
treated with alcoholic potassium cyanide, 

I*'’ >(::ci., + KCN + EtOH = ><::< + KCl + HCI ; 

Me “ Me CN 

this nitrile, heated with hydrochloric acid, undergoes hydrolysis and also 
loses the elements of alcohol, yielding atropic acid, PhC(:CH 2 ) COOH. 
By the successive action of hydrogen chloride and aqueous alkali the 
elements of water are added to this unsaturated acid and <5?/-tropic acid 
(p. 534) is formed. 


Cocaine, CiyHojO^N, and several other alkaloids of less import- 
ance, are contained in coca-leaves {Erytliroxylon Cora), in com- 
bination with cinnamic and other acids. 

It crystallises in colourless prisms, melts at 98'', is Isevorotatory, 
and is sparingly soluble in water ; it forms well-characterised salts, 
of which the hydrochloride, Cj^HgiO^NjHCl is generally employed 
in medicine. Cocaine is a very valuable local anaestlietic, and is 
used in minor surgical operations, as its external application takes 
away all sensation of pain ; it is poisonous, however, one grain 
injected subcutaneously having been attended with fatal results. 

When heated with acids or alkalis, cocaine is readily hydrolysed, with 
formation of benzoic acid, methyl alcohol, and X-eegonme^ which is a 


^ Calcium acetonedicarboxylate gave a better yield than acetone ; the calcium 
tropinonedicarhoryl'fite thus oV>tained was converted into the acid and the latter 
was decomposed hy heat. 
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monocarboxylic acid derived from tropine (see p. 535), and has the 
constitution (i.), 


CH, cu cn coon 
I I 

NMeOHOH 

OH 2 -CH -IjHo 

(I-) 


CHa-CII - CH COOMe 

NMeiH-OCO'CflHB. 

I 1 

CUs- CH CH., 

([I.) 


Cocaine (Ii.) is the methyl ester of berizopt-l-ecgonine, and is formed 
when the methyl ester of / ecgonine is henzoylate<l. r^^Ecgonine has 
been synthesised from tropinone (see )>. 535), I’bis ketone gives a sodium 
derivative (m.) which, on treatment witli carbon dioxide, yields the 
sodium salt of tropinonecarboxylic acid (iv.) : 


CU 
1 Ii 

NMe C{ONa) 

CHa-CH-ina 

(in.) 


€1*2 CH -CH COONa 

1 I 

NMe(X) 

i I 

CIIo-CH - CH 2 
(rv.) 


On reduction with sodium amalgam this tropinone derivative is con- 
verted into ci?/-ecgonine, which closely resembles the /-isomeride obtained 
from cocaine in most respects. 


S ynthet i r A lk(( lo ids. 

I I 

Since the grouping >N-C-C CO-O-K, which occurs in its molecule, 

I I 

might be responsible for the aiuesthetic properties of cocaine, several 
other substances containing this or a similar group have been prepared 
synthetically, and have, in fact, been found to be useful as ansesthetics. 

a Euoaine is prepared by the following series of reactions : Triaceton- 
amine (i,), which is obtained by condensing acetone with ammonia, is 
treated with hydrogen cyanide, and the cyanoliydrin thus formed is 
hydrolysed ; the product (ii.) is then successively bcnzoylated and methyl- 
ated, and yields a-eucaine (iii.). 


OH OOOH PhCO-O COOMe 

\/ V" 

CO c c 



(I.) (II.) (III.) 
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a-Eucaine is leas toxic than cocaine but has tlie disadvantage of being 
somewhat irritant when injected, and has now been superseded by 
/S eucaine, novocaine, and stovaine. 

/3-Eucaine is prepared from diacetmiamim^ CHj'CO'CHg CMeg'NHjj, 
a simpler condensation product of acetone and ammonia. The hydrogen 
oxalate of this base, when it is heated with paraldehyde (or acetal) in 
alcoholic solution, yields the oxalate of vinyldiacctonamine^ which is a 
trimethylketopiperidine (l.) On reduction with sodium and boiling amyl 
alcohol, this keto-derivative gives the corresponding secondary alcohol 
(of which there are two c^/ stereoisomeric forms, melting at 163" and 
138° respectively). The base melting at 138° gives a hydrochloride which, 
heated with benzoyl chloride, yields the hydrochloride of eucaine (ii.) : 
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/9-Eucaine has ana?sthelic properties equal to those of cocaine, and its 
salts are easily soluble in water and are stable in boiling solution ; they 
can therefore he readily sterilised. /5-Eiicaine is also known as hcnzamhic. 

Novocaine is quite a diflereut type of compound and may he prepared 
as follows : Ethylene chlorohydrin is first condensed with p-nitrobenzoyl- 
(diloride an<l the product (i.) is treated with diethylamine. The com- 
pound so formed (fr.) is then reduced to the base (iir.), the hydrochloride 
of Av)ii<!h (m.p. 156°) is novocaine : 

Ti'Oj C.Hj CO CI + HO CH./CHj CI — NO., CbH, CO () CH, CH,. C1 -• 

(t.) 

NOsCsH^COOCH.CHjNKtj — NHjCsH^COOCHsCH^NEt,. 

(n.) (III.) 

Novocaine, also called procaine, is a powerful local anaesthetic, less toxic 
than cocaine ; it is much used in <lentistry and minor surgical operations. 

Stovaine is also a well known local ansestlietic. It may be prepare<I 
by treating cliloroacetone witli dimethylamine, converting the product (r.) 
into a tertiaiy alcohol (ii.) with magnesium ethyl bromide, and then 
benzoylating the alcohol : stovaine is the hydrochloride of the base (ni.), 

OHs-OO-CHa-NMeg CH3CBt(OH)CH2-NMe2 CHs'CBgOCOPlOCHaNMea. 

(I.) (II.) (III.) 

Alkaloids derived^ from Qumoline. 

Quinixfb, cinchonine (see p. 539), and about thirty 

other allied alkaloids, occur in the bark of varions species of 
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Chichona and related plants ; the alkaloids are present in the bark, 
combined with cinclio-tannic and quinic acids, ^ and some barks 
contain as much as 10 per cent, of quinine. 

The powdered bark is extracted witli dilute sulphuric acid, and the 
solution of the sulpliates is tre.*ite<l witli caustic soda. The crude mixture 
of precipitated alkaloids is dissolved in alcohol, the solution is neutral- 
ised with Hul[)liuric acid, and the sulphates, wliich are depo.sited, are 
repeatedly recrystallised from w.ater. Quinine sulphate is the least 
solulile, and separates out first, the sulphates of cinchonine and of the 
other alkaloids remaining in solution ; from the purified sulphate, quinine 
may ])e obtained by precipitation with ammonium hydroxide. 

Quinine crystallises with water (3 mols., one of wliicli is lost at 
a])out 20^), melts at about ITS"" when anhydrous, and is only very 
sparingly soluble (1 in 1906 at 15°) in water ; it is a very feeble' 
di-acidic base, and generally forms well-defined salts, sucli as the 
sulphate^ (020112402X2)2, H^SO^jSHgO. Many of its salts are soluble 
in water, and are very much used in medicine as tonics, and in 
cases of malaria and other intermittent fevers ; as these salts have 
an intensely bitter taste, various simple derivatives of quinine, 
liaving little or no taste, have been prepared for use in medicine. 
Quinine is Ifevorotatory. 

Test for Quhdne . — When a solution of a salt of quinine is 
treated with a slight excess of chlorine- or bromine-water, and 
ammonium liydroxide is then added, a liigbly characteristic, 
emerald-green colouration is produced ; quinine is also character- 
ised by the fact that dilute solutions of its salts show a beautiful 
light-blue fluorescence. 


Quinine is a di- tertiary base, because it combines with methyl iodide 
to form quinine dHncthiodide, C2(,Ha|0.jN2,{CH3l}.^ ; it is a derivative of 
quinoline, because on oxidation with chromic acid it yields qninmic acid 
or 6 methoxyquinolmc-A:-carhoxylic acid (i. ) : 


COOH 
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CH2 CHs 
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( 11 .) 


* Quinic acid, C«H 7 (OH) 4 ’COOH, crystallises in prisms, and melts at 162®. It 
is a fcctrahydroxyhcxahydrobenaoic acid, and is optically active. 
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The carbon atom which remains in tlie form of tlic carboxyl-group in 
tliis acid is probably that marked with an asterisk in a com}>lex of the 
structure (ii.)* 

Cinchonine, CJJJH22ON2, accompanies quinine in almost all the 
cinchona-barks, and is present in some kinds (in the grey bark, 
from lliiaiiuco in Peru) to tlie extent of 2 per cent. 

In order to prepare cinchonine, the mother-liquors from the crystals 
of quinine sulphate (see p. 538) are treated with caustic soda, and the 
precipitate is dissolved in the smallest possible quantity of boiling 
alcohol ; tlie crude cinchonine, which separates from the cold solution, 
is then converted into tlie sulphate, and this salt is crystallised from 
water. 

Cinchonine crystallises in prisms, decomposes at about 240 ", and 
resembles quinine in ordinary properties, but is dextrorotatory ; 
its salts are antipyretics, but are much less active than those 
of quinine. 

Oxidising agents, such as nitric acid or potassium permanganate, 
readily attack cinchonine, and convert it into various substances, one of 
the more important of which is cmchonimc acid {qttinolimiA-carboxylic 
acid). 

The formation of this acid and otlier facts prove that cinchonine is a 
quinoline-derivative ; its structure is very closely related to that of 
quinine ; (luinine, in fact, is a meMoaT/cinchonine. 

Strychnine, C21H22O2N2, ami brucine, two higlily poisonous 
alkaloids, are present in the seeds of Strt/chnos Nnx-coaiica and of 
Stryrhnos Ignatii (Ignatius^ beans), which contain 2-3 per cent, 
of the mixed bases. 

Powdered nux-vomica is boiled with dilute alcohol, and the filtered 
solution is evaporated and treated with leail acetate to jirecipitate 
tannin, &c. The filtrate is then freed from lead with hydrogen sulphide, 
and the filtered solution ^is mixed with magnesia. The precipitated 
alkaloids are separated, and warmed with a little alcohol, wliich dis- 
solves the brucine ; the residual strychnine is purified by recrystallisatibn 
from alcohol. 

The alcoholic solution of the brucine — which still contains strychnine 
— is evaporated, and the residue di8Solve<l in dilute acetic acid ; this 
solution is now evaporated to dryness on a water-bath, during whicli 
process the strychnine acetate decomposes, with loss of acetic acid 
and separation of the free base. The stable brucine acetate is dis- 
solved in water, the filtered solution is treated with caustic soda, and 
tlie precipitated brucine is purified by recrystallisation from aqueous 
alcohol. 
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Strychnine crystallises in rhombic prisms, and decomposes at 
about 245°; although it is very sparingly soluble in water (1 part in 
6400 at 25°), its solution has an intensely bitter taste, and is very 
poisonous. Strychnine, in fact, is one of the more poisonous 
alkaloids, half a grain of the sulphate having caused death in 
twenty minutes. 

Test for Strychnine , — Strychnine is very readily detected, as it 
shows many characteristic reactions, of which the following is the 
most important : When a small quantity of powdered strychnine 
is treated with a little concentrated sulphuric acid in a porcelain 
basin, and a little powdered potassium dichromate is then dusted 
over tlie liquid, an intense violet solution, which gradually becomes 
bright red, and then yellow, is produced. 

Although the molecule of strychnine contains two atoms of 
nitrogen, it is, like brucine, only a mono-acidic base, forming salts, 
such as the hydrochloride^ 0211X22^^^2^2’^^^ > many of the salts are 
soluble in water. It is a (laevorotatory) tertiary base, and combines 
with methyl iodide to form 
a quaternary salt. 

When strongly heated with potash, strychnine yields, among 
other products, quinoline; probably, therefore, it is a derivative 
of this base. 

Brucine, C23H2(j04N2, crystallises in prisms, with 4H2O, and 
melts, when anhydrous, at 178°. It is more readily soluble in 
water and in alcohol than strychnine, and, although very poisonous, 
it is not nearly so deadly as the latter (its physiological effect is 
only about ^th of that of strychnine). 

Test for Brucine , — When a solution of a brucine salt is treated 
with nitric acid, a deep brownish-red colouration is obtained, and 
the solution becomes yellow when it is warmed ; if now stannous 
chloride is added, an intense violet colouration is produced. This 
colour reaction serves as a delicate test, both for brucine and for 
nitric acid, as it may be carried out with very small quantities of 
either compound. 

Although its molecule contains two atoms of nitrogen, brucine, 
like strychnine, is a mono-acidic (Isevorotatory; !:r»se. The hydro- 
chlonde, for example, has the composition, C23H2^j04N2,HCl ; 
brucine is also a tertiary base, and combines with methyl iodide 
to form brucim methiodide^ C2sH2gO^N2,CH3l. 
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Alkaloids contained, in Opiunu 

The juice of certain kinds of poppy-heads {Papacer somniferurn) 
contains a great variety of alkaloids, of which morphine is the 
most important, but codeine, narcoiine, thehaine, and papaverine 
may also be mentioned. All these compounds are present in tlie 
juice in combination with meconic arid,^ and partly also witli 
sulphuric acid. AVhen incisions are made in the poppy-heads, 
and the Juice whicli exudes is left to dry, it assumes a pasty con- 
sistency, and is called opium. An alcoholic tincture of opium, 
containing 1 g. of anhydrous morphine per 100 c.c., is known as 
laudanum. 

Preparation, of Morphine.— 0\n\\\n is extracted with hot water, and 
the extract is boiled with milk of lime, and filtered from the precipitate, 
wliich contains the meconic acid, and all the alkaloids, except morphine. 
The filtrate is then concentrated, digested with ammonium chloride until 
ammonia ceases to he evolved (to decompose the soluble calcium deriva- 
tive of morphine), and kept for some days ; the morphine, which separates, 
is collected and purified by recrystallisation fiom boiling alcohol. 

Morpldne, crystallises in colourless ])rism8, with 

IPI^O, and is only s[)uringly soluble in water and cold alcohol, but 
dissolves in caustic alkalis and in lime-water, from which it is 
reprecipitated on the addition of acids ; it has, in fact, the pro- 
perties of a phenol. At the same time, it is a mono-acidic (Isevo- 
rotatory) base, and forms well-characterised salts with acids ; tlie 
hydrochloride, Ci7Hiy0,jISr,HCl,3H20, crystallises from w^ater in 
needles, and is the salt commonly employed in medicine. Morphine 
is a tertiary base, and gives with methyl iodide morphine metli- 
iodide, CjYHig 03 N,CH 3 l. 

Morphine has a hitter taste, and is so poisonous that one grain 
of the hydrochloride may be a fatal dose ; the system, however, 
may become so accustomed to the habitual use of opium that, 
after a time, very large quantities may be taken daily without fatal 
effects. Morphine is extensively used in medicine as a soporific, 
especially in cases of intense pain. 

Tests for Morphine. — When a little iodic acid is dissolved in 

1 Meconic acid, C5H02(OH)(COOH)2, i.'s an alipliatic olosed-ohaiii liydroxy- 
dicarboxylic acid. It gives, with ferric cltloride, an intense dark-red colouration. 
In oases of suspected opium -poisoning this acid is always tested for, owing to the 
ease with which it can be detected by this colour reaction. 
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water, and a few drops of a solution of morphine hydrochloride 
are added, a brownish colouration is at once produced, owing to 
tlie liberation of iodine, and the solution then gives, with starch- 
paste, a deep-blue colouration. 

A solution of morphine, or of a morphine salt, gives a deep- 
blue colouration with ferric chloride, but perhaps the most 
delicate test for the alkaloid is the following: A trace of 
morphine is dissolved in concentrated sulphuric acid, and the 
solution is kept during fifteen hours ; if then treated with nitric 
acid, it gives a bluish- violet colour, which changes to blood-red. 
This reaction is very delicate, and is well shown by 0*01 milligram 
of morphine. 

The molecule of morphine contains two hydroxyl -groups, one of which 
is phenolic, the other alcoliolic ; it is to the presence of the phenolic 
hydroxyl-group that morphine owes its property of dissolving in alkalis 
an<l giving a blue colour with ferric chloride. Heroin is tlie diacetyl- 
derivative of morphine. 

When lieated witli jx^tasli and methyl ioilide, morphine gives methyl- 
morphine^ Ci7Hi70N(0Cir3)'0H, a substance which is identical with 
codeine (p. Ml). Codeine is insoluble in alkalis, and, therefore, is not 
a plienol ; it behaves, however, like an alcohol, and gives, with acetic 
anhydride, acetylcodeine, CiyHjyONfOCHgl'OAc. 

When morphine is distilled with zinc-dust a considerable quantity of 
plienanthrene is obtained, together with basic substances ; it is thus 
proved that tlie molecule of morphine (and also that of codeine) contains 
a plienanthrene complex. 

ApomorphinBy C17H17O2N, is formed, together with water, when 
morphine hydrochloride is heated with concentrated hydrochloric acid 
at 140 - 150 '’ ; its hydrochlor|de is used in medicine as an emetic. 


CHAPTER XXXVII. 

AMINO-ACIDS AND RELATED COMPOUNDS. 

^ The amino-acids, of which glycine (p. 202) is an example, are 
substances of very great physiological importance. Many of 
them are obtained by the hydrolysis with acids, alkalis, or 

^ The subject-matter of this and the two following chapters deals more 
particularly with substances of importance to students of medicine, and to 
others who are not merely studying for a pass degree examination. 
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digestive enzymes of those highly complex components of animals 
and plants, whicli are termed tl»e proteins (p. 572); therefore it 
is concluded that the complex molecule of a protein is produced 
in organisms by the condensation of a large number of molecules 
of relatively simple amino-acids. 

As a rule the product of hydrolysis of a protein is a mixture 
of some 14-19 different amino-acids, and the separation of its 
various components is a task of great ditliculty. This difficulty is 
due partly to the complexity of the mixture, but more particularly 
to the fact that these amiiio-acids are generally very readily 
soluble in water, but are insoluble in ether and in all other 
solvents, which do not mix with water, except the higher 
alcohols ; consequently they cannot ho ensily extracted from their 
aqueous solutions; further, they cannot he distilled, and, when 
impure, they do not crystallise readily. Owing mainly to the 
work of E. Fischer, who devised new synthetical methods of 
preparation, and new processes for the separation and isolation of 
amino-acids fiom the products of protein hydrolysis, these diffi- 
culties have been largely overcome. 

The more imi)ortant general synthetical methods of prepara- 
tion are the following ; 

(1) The halogen substitution products of aliphatic acids (pp. 165, 
166) are treated with alcoholic ammonia, 

CHg CHBr COOH -f- SNIlg - CHg CH(NH 2 ) COONH 4 -f 

(2) The esters of halogen acids are treated Avith potassium 
phthalimide, and the products are hydrolysed with hydrochloric 
acid at about 200* (compare p. 459), 

CgH^<^®>NK: + CH.^BrCH 2 -CH 2 CII(COOEt )2 = KBr + 

0(,H,<^^>NCH,-OH,OH,OH(OOOEt), + 4H,0 = 

C8H,(C00H), + NH,-[Cn,],-COOH + SCaHj-OH + CO,. 

(3) The cyanohydrin of an aldehyde or ketone is treated with 
tile theoretical quantity of ammonia — or an aldehyde or ketone 
is treated with ammonium sulphate and potassium cyanide — 
and the nitrile of the a-amino-acid, which is thus formed, is 
hydrolysed with hydrochloric acid, 

Org. 36 
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OH 

CN 


I- N 11,-1 U) 4- 

(Cig^CIHCHaCH 




(Cn3).,GHCH./CH(N II,)-CN + 211,0 + 2HC1 = 

HCl,(CH,),CHCH,-CH(Nn2)C00H + NH^Cl. 
The mono-amino-acids are crystalline and iieually decompose 
when they are strongly heated, with the evolution of carbon 
dioxide ; some of tlieiii have a sweet taste. They are neutral 
to common indicators, and, in fact, may he regarded as sdlts^ since 
the -COOH and groups of the same or of different molec- 

ules neutralise one anotljer, just as do an acid and an amine, 
with the formation of the ions -NH, and -C0*6 (compare p. 553). 
When, therefore, an amino-acid is treated with a strong acid, 
sijch as hydrochloric acid, it forms a lujdroMoride^ of wliich 
glycine hydrochloride (p. 202) is an exaiujile ; an amino-acid also 
forms metallic salts, such as copper glycine (p. 202). primary 

arnino-acids are decomposed by nitrous acid, just as are the 
primary amines, giving the corresponding hydroxy-acids ; by 
measuring the volume of nitrogen evolved the rpiantity of such 
an amino-acid in a given solution may be estimated. Amino- 
acids may also be estimated by treating their solutions with an 
excess of formalin and then titrating witli an alkali, in the presence 
of wliich the formaldehyde reacts with the amino-group ; the 
methyleneiiniiio-derivative (-N'.CHg), which is probably produced, 
is no longer amphoteric. 


Some amino-acids are decomposed by acetic anhydride in the presence 
of pyridine with the formation of an acetyJamino-derivative of a ketone, 
CeH6CU./CH(NH.,)COOH (CH.COhO 

= Cfill5*CH./CH{NHAc)-CO-CHj,-f H/) + COg. 
When heated, a-amiiio-acids (2 mols.) may condense with the loss 
of water (2 mols.), giving di-amides (p. 546), analogous to thelactides 
(p. 264) ; /^-amino-acids (1 mol.) may lo.se ammonia (1 mol.), 
giving olefinic acids ; y- and 5 amino-acids (1 mol.) may lose water 
(1 mol.), giving lactams, corresponding with the lactones (p. 263). 

When an amino-acid is warmed with au aqueous solution of 
triketohydrindene hydrate {ninhydrhi, p. 491), a deep blue coloura- 
tion is obtained. ^ 

Esters of the amino-acids may be produced by the usual 
method of esterification — namely, by passing hydrogen chloride 
into a solution of the acid in excess of an alcohol, and then 
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decomposing the Itydrorltioride of the ester with a cold solution 
of an alkali. The esters, unlike the amino-acids, are soluble in 
ether, (’fee., so that if the aedd solution is treated with alkali and 
immediately extracted with a suita])le solvent, tlie ester is finally 
obtained as an oil, which may be purified by distillation under 
greatly reduced pressure. The esters of the amino-acids, there- 
fore, are of great use ; with tljeir aid the amino-acids may be 
extracted from the products of hydrolysis of a protein, and, to 
a greater or less extent, separated from one another. 

Remlution of d\-a7nino-acids . — All the amino-acids which are 
obtained from natural ju’oducts, with the exception of glycine, are 
optically ((dive ^ whereas the corre.sponding synthetical compounds, 
of course, are (/^sulrstances. Owing to the amphoteric nature of the 
amino-acids, they will not, as a rule, form sta])le salts wilh either 
optically active acids or bases, which otherwise might be used 
for their resolution. They may, however, ]>e separated into their 
optical isomerides by the following methods: (1) The amino-acid 
is converted into its />e/^.^^////-derivative by the Schotten-Plaumann 
metliod (p. 453). The amino-group thereby loses its basic cliar- 
acter ami the benzoylated product is a sufliciently strong acid to 
form stable salts with bases, such as the alkaloids. The benzoyl- 
amino-acid, therefore, may be combined with an optically active 
base, and the product may then be resolved in the usual way 
(p. 278). (2) The amino-acid is converted into its ester (above) 

which is a sufficiently strong base to give, with optically active 
acids, stable salts which may then be resolved. The d- and 
?-benzoylamino-acids, or the d- and /-esters, which are regenerated 
from their salts, are finally reconverted into tlie d- and /-amino- 
acids respectively, by hydrolysis. 

It is tlms possible to synthesise many of the f//-amino-aciil«, and 
then to resolve them into optically active con)pounds, whicli are 
identical with those produced from the proteins. 

Ptomaines or Tojcinej ^. — Many of the amino-acids are attacked 
by various putrefactive organisms, giving basic substances, such 
as putrescine, cadaverine, and neurine (p. 553), which are classed 
as ptomaines, and some of which are very poisonous. These com- 
pounds are formed during the putrefaction of fish, meat, and other 
animal products which contain proteins, and the toxic action of 
such putrid matter is partly due to their presence. 
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PidreftrmCy Nll,-[Cll 2 ] 4 *NMo {tetraw ethyl enedianiine is crystall- 
ine, and ineltis at *27'*' ; it has a most unpleasant and penetrating 
smell. It is miscible with water, and is a strong di-acidic base. 

Putrescine has been obtained synthetically by converting 
ethylene dibromide into the dicyaiiide, and then reducing the 
latter with sodium and alcohol, 


GN-GH./CH2CN + 8H - NH,/CH,*CH2-CH2-CHjj-NH2. 

Cadaverine^ or pmtaniefhylcm<iiamine^ boils at 178-179°, and, 
like putrescine, is a di-acidic base; its synthesis has already been 
given (p. 509). 

Polypeptides. — A natural protein, as stated above, doubtless 
consists of a very large number of molecules of the same or of 
ditfereiit amino-acids, which have united together with the elimina- 
tion of wat( 3 r; the first stage in such a condensation of a-amino- 
acids may be represented by the general equation, 

GOOHGRR'-NH, i -h COOHCRir-NH^ = 

C00HCRR'-NHC0‘CRR'-NH2 + Ib/). 

Tlie product so formed from two molecules of an amino-acid is 
called a di-peptide \ by condensation with another molecule of the 
same, or of a different amino-acid, a di-peptide may be transformed 
into a tri-peptidey and so on. 

In order to throw light on the nature of the proteins, such 
condensations were carried out by E. Fischer, and the following 
metliods were used for this purpose : The ethyl ester of glycine 
undergoes spontaneous decomposition in aqueous solution, giving 


a diamide of the constitution, ' i 

CO*CH. 


NH-CH2CO 

which is called glycine 


anhydride (or diketopiperazine). This product is hydrolysed by 
hot concentrated hydrochloric acid, giving the hydrochloride of 
glycyl-glyciney GO()H-GH 2 *NH-CO CH 2 -NH 2 . 

When this di-peptidey glycyl-glycine (or its ester), is treated 
with chloroacetyl chloride, it yields a compound of the consti- 
tution, COOH CHg-NH-CO-GHa-NH-CO-CHgCl, and the latter, 
with concentrated ammonia, gives a tri-peptidey 


COOHCH2NHCO*CH2NH*CO*CH2-ISrH2. 


1 R and R' may represent either hydrogen or an alkyl radicle. 
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The tri-peptide may now be treated with chloroacetyl chloride 
and ammonia successively, and thus converted into a tetrapeptide , 
and these processes, by which a -CO'CHg’NHg group is substituted 
for an atom of hydrogen of an amino-group, may be continued. 

In another method, the amino-acid is treated with phosphorus 
])entachloride and acetyl chloride, and the acid chloride, which is 
tiiiis produced, in the form of its hydrochloride, is then caused to 
react with an ester of an amino-acid, 

mi/CRR'-COOR -f rcig - IIC1,NH,CRR'*C0C1 POCI 3 ; 
HC1,NH2CRR'-C0C1 + KII^CRR'COOKt - 

lICl,Nll 2 CRR'*CO]S[H-CRR'COOEt + HCi. 
The product is then made the starting-point of further con- 
densations. 

The most complex substance produced by E. Fisclier, by methods 
such as those just indicated, is an odadempeptide^ the molecule of 
which contains 15 glycyl- or -RH'CHg'CO- and three leucyl- 
or -NH’CH(C 4 ll 0 )*CO- groups (p. 549) ; this compound has a 
molecular weight of 1212 , and its constitution is expressed by 
the formula, NH,-CH(C 4 H^) C 0 -[NH*CH 2 -C 0 ] 3 -NH*CH(C 4 H, )*CO- 
[NH'CH2CO]3-ifH-CH(CJI<,)C(>[NHCK2CO],*NH-CH2*COOH. 
It is in many respects similar to the natural proteins, and gives 
the colour reactions of those substances : like the latter it does 
not diffuse through a parchment membrane and is precipitated 
from its solutions by tannic acid, &c. (p. 473). It seems, never- 
theless, that proteins are not merely open-chain polypeptides of 
high molecular weight, since pepsin, which hydrolyses j)roteins 
(p. 575) has little, if any, action on synthetic polypeptides; on 
the other hand, the graded hydrolysis of proteins gives certain 
polypeptides, identical with some of those which have been 
prepared synthetically. 

Classification of Amino- Acids . — The more important amino-acids 
obtained from proteins are of various types and may be conveniently 
classified as follows ; 

Mono-amino-derivatives of aliphatic mono-carboxylic acids : 
Glycine, rf- Alanine, Z-Serine, cZ-Valine, Z-Leucine, f^Z-Iso- 

' leucine. 

Di-araino-derivatives of aliphatic mono-carboxylic acids : 
cZ-Arginine, cZ-Lysine. 
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Mono-amiiio-derivatives of aliphatic di-carboxylic acids : 
Z-Aspartic acid, rif-Glutamic acid, c?-Hy dr oxy glutamic 
acid. 

Aromatic amino-acids : Z-Plienylalaiiine, /-Tyrosine. 

Heterocyclic amino-acids: /-Histidine, /-Tryptophane, /-Prol- 
ine, /-Hydroxy proline. 

The above-named coin})ounds, together with the thio-amino- 
acids (/-cystine and /-methionine), all of which are obtained from 
proteins, are briefly described below ; a short account of certain 
alkyl-amino-acids and related compounds which are obtained froir 
animals, but wliich are not products of protein hydrolysis, is als( 
given. 

A mino-Mono- Carhox ijlic A cids. 

GHycine (aminoacetic acid), the simplest amino-acid which is 
obtained from proteins, has already been describv^d (p. 202) ; it 
forms about 25 per cent, of the products of hydrolysis when 
glue or gelatin is decomposed with dilute sulphuric acid. 

cZ-Aianine, CH 3 ‘CH(NIl 2 )‘COOH {a-mdnopro'pionic arid), is one 
of the principal products of the hydrolysis of fibroin (the main 
component of silk) and has been obtained synthetically by the 
methods already described. It decomposes at about 297'^, and 
with nitrous acid, it gives d'-lactic acid. 

^\-Alanine and its structural isomeride, ^-artiinopropionic acid^ 
HH 2 *CIl 2 *CH 2 *COOH, may be prepared by treating the corre- 
spending broniopropionic acids with ammonia. 

/-Serine, H()'CH2*CH(IM H2)*COOH {fSdiydroxy-a-awinopropijmu 
acid), easily racemises, so that although it may be a component oi 
many proteins, the ^/-compound is obtained when silk-fibroin, 
casein, &c., and related substances, such as gelatin and keratin, 
are decomposed with acids; the c//-acid decomposes at 246° and 
has a sweet taste. 

/-Cystine, COOH CH(NH 2 ) CH 2 S S*CIl 2 CH(NH 2 ) COOH, is a 
derivative of alanine and is formed in small quantities hy the 
hydrolysis of several proteins, of^which it is the chief sulphur- 
containing compound ; it is sometimes present in urinary sedi- 
ments and also in certain gall-stones. The r7/-acid may be 
obtained by the atmospheric oxidation of a-amino-^-thiohydroxy- 
propionic acid, HS‘CH 2 *CH(NH 2 )*COOH (or cysteine) in alkaline 
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solution. It is sparingly soluble in cold water and decomposes 
at about 260^ 

/-Methionine, CH3'S CH2*CH2*CH(NH2) COOH, a methyl de- 
rivative of the next honiologue of /-cysteine, has also been obtained 
from proteins. 

^/-Valine, CHMe2‘Cn(NH2)*COOH {a-aminouoimleric acid)^ is 
an important product of the hydrolysis of casein, zein (the protein 
of wheat and maize), and edestin (from hemp seed). 

/-Leucine, (CH8)2CH*CH2*CH(NH2)'COOH {a-aminouocaproic 
acid)^ is very widely distributed in the animal kingdom, and is a 
substance of great ijliysiological importance. It is found in the 
lymphatic glands, the spleen, and especially in the pancreas; in 
typhus and some otlier diseases it is present in considerable quan- 
tity in the liver. It is produced during the putrefaction or the 
liydrolysis of many proteins, especially hsemoglobin (p. 575), milk- 
albumin, and casein (p. 576), from the last of which it may be 
prepared. 

Leucine crystallises in glistening plates, melts at 270^, and 
is sparingly soluble in waUir ; when carefully heated it sublimes 
unchanged, but when rapidly heated it decom})OBes into isonmyl- 
amine, Cri]\fe 2 ’CH 2 ’CFl 2 *NH 2 , and carbon dioxide. It undergoes 
atmosplieric oxidation in aqueous solution in the presence of 
charcoal, giving isovaleric acid, carbon dioxide, and ammonia, 
CliMe2 Clf2 CH(NH2)*C()()H + O 2 - CJbyCOOH + C()2 + NHg. 
Its aqueous solution is la3Vorotatory, but that of its hydrochloride 
shows dextro-rotation ; when boiled with baryta-water leucine 
racemises (p. 276). 

iW-Leucine has been prepared synthetically from isovaleraldehyde 
(p. 54:4), and in the form of its benzoyl- or formyl-derivative, it 
has been resolved into its components ; the /-leucine ol)tained in 
this way is identical with that prepared from proteins. 

^/-Isoleucine, CHMeEt'CH(NH2)‘COC)H 
valeric acid)^ is produced by the hydrolysis of proteins contained 
in beetroot-sap, cereals, potatoes, &c., and wlien these materials 
are used for the preparation of alcohol, the i/-isoleuciiie, which is 
first produced, is afterwards converted into active amyl alcohol by 
the action of the enzymes which are ]>resent. /-Leucine, under 
similar conditions, gives rise to isobutylcarbinol (p. 111). 
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Di-A mino - Mono Carhoxylic A cids, 

^i.Ajginine,NH 2 -C(:NH) NH CH 2 CH 2 CHa-CH(NH 2 ) COOPI, is 
an important compound, derived from aS-diamino-n-valeric acid, 
and is formed by the hydrolysis of many proteins ; a polypeptide 
or protamine {salmine) obtained from Rhine salmon gives as 
miicli as 87 per cent, of arginine. On liydrolysis with a solu- 
tion of barium hydroxide, arginine gives urea and J-ornithine, 
NFi 2 *[CH 2 ] 3 *CH(NPl 2 )-C(.)OH {aS-diammovaleric acid). 

(^-Lysine, NH2*[GH2]4‘CIT(NH2)*COOH {a€-dianiuiocaproic acid), 
occurs among the h 3 Tirolytic products of casein, egg-albumin, 
and other proteins. In the putrefactive decomposition of j)rotein8 
ornithine gives tetramethylenediamine, and lysine gives penta- 
methylenedianiine (p. 546). 

Mono- A mino-Di- Carboxylic A cids. 

^Aspartic acid, COOH*CH2*CH(NH2)*COOH {arninosuccinic 
o.cid) is formed by the hydrolysis of many proteins; witli nitrous 
acid it gives /-malic acid (p. 254). Unlike aminomonocarboxyJic 
acids, /-aspartic acid and other members of this group, have well- 
marked acidic properties. 

/-Asparagine, ISrH2CO CH2*CH(NIl2)*COOH, a mono-amide 
of aminomiccinic acid (aspartic acid), occurs in many plants, 
particularly in asparagus, and in the young shoots of beans, peas, 
and lupines, from which it may be obtained by extraction with 
water. It is readily soluble in water, sparingly soluble in alcohol 
and ether. When heated with acids or alkalis, it is converted into 
/-aspartic acid. 

(/-Asparagine also occurs, together with /-asparagine, in the 
young shoots of lupines ; it has a sweet taste, but that of /- 
asparagine is very unpleasant. 

It is noteworthy that when an aqueous solution of equal quantities of 
(/- and /-asparagine is evaporated, hemihedral crystals of the two active 
modifications are deposited side by side ; a racemic compound is not 
formed (compare p. 272). 

£i-CHutamic acid, COOH-CH(]fH 5 ) Cll 2 CH 2 COOH (a- amino 
glutaric acid), occurs in the sprouting seeds of various plants, 
and is an important product of the hydrolysis of casein and of 
gliadin, the protein of wheat and rye, which gives more than 4Q 
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per cent, of tlie acid ; it forms lustrous crystals which decompose 
at about 202'". 

r/ Hydroxyglutamic acid, a /5-hydroxy-derivative of ('^-glutamic 
acid is also produced by the hydrolysis of casein and other 
proteins. 

A roinatlc. A m ino-A cids. 

^Phenylalanine, CgH,/CH2‘CH(NH2)‘CC)( )H {ft-'phmyl-a-ainino- 
propionir, acid), is formed by the hydrolysis of cheese, egg- 
albumin, gelatin, &c. ; the (//-acid has been synthesised as de- 
scribed below and has been resolved into its d~ and /-conijmnents. 

/-Tyrosine, HOC 6 H,CIl 2 CH(]SiH 2 )COOH, or /3~i?diydroxy- 
phenijl-a-amirwpi'O}) ionic (icid^ is formed in the decomposition of 
many proteins. It is found in the liver in some diseases, in the 
spleen, pancreas, and in cheese (its name is derived from rirpos, 
cheese). It was first [irepared by fusing cheese with potash 
(Liebig, 1846). Tyrosine is sparingly soluble in water, and with 
mercuric nitrate in aqueous .solution, it gives a yellow precipitate, 
which, when boiled with dilute nitric acid, acquires an intense 
red colour. 

Tyrosine melts at about 316'" and decomposes into carbon dioxide 
and ^-hydroxyphenyletliijlandney IIO‘C^jH4*Cli2'Cn2‘N Hg. 

Tyrosine has be<‘n synthesised in the following way : riienylacet- 
aldehyde (p. 462 ) yields, with hydrocyanic acid, the nitrile of plienyl- 
lactic acid, C6H5 CH.3*CH(OH)*CN, which, with alcoholic ammonia, 
gives the nitrile of }die 7 iyhiminopr op ionic, acid., C(.H5*CH2'CH(NH2)-CN ; 
this nitrile, on Iiydrolysis, yields phenylaminopropionic acid (phenyl- 
alanine), CeHs-CHa'CIKNlLd’COOH. 

Nitric acid converts this amino-acid into ^nitrophcnylaminopropionic 
acid, N02 CoH 4'CH./CH(NH2) COOH, from which, on reduction, tlie 
corresponding aminophcnylaminopropionic acid is obtained ; the latter, 
on treatment with nitrous acid, yields c//-tyrosine. 

Heterocyclic Amino- A cids. 

N-CH 

Z-Histidine, || 

CILNH 

aininopropionic acid), was first found among the products of 
hydrolysis of sfnrine, a jiolypeptide obtained from the sturgeon, 
jand is formed from many proteins; it decomposes at about 253°. 


^C'CH 2 *CH(NH 2 )-C 00 H (/3-iminazole-a~ 
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/-Tryptophane, ^•CH2-CH(NH2)-C00H (/i-indole- 

a-arni7iopropionir. a/dd)^ is a decomposition product of egg- and 
blood-albumin, and under the influence of putrefactive bacteria, 

it is converted into a 7 ninoethyH 7 idoley^^<(J^^ 


CH2— CH(COOH) 

/-Proline, | {pyTrolidme-a-carhoxylir acid)^ occurs 

CH2— CHg 

among the products of hydrolysis of gliadin, salmine, gelatin, 

dig— CH(COOH) 

casein, <fec. ; /-hydroxyproline, | , also occurs 

HOCHGH2 

among the products of the hydrolysis of gelatin. 


Alkylamino- Acids and Related Compounds, 

Sarcosine, CHq NH’CH^'COOH {niethylglydvA)^ was first ob- 
tained (Liebig, 1847) by boiling creatine with baryta-water (p. 554); 
it is also formed when caffeine is similarly treated, but apparently 
it is not produced by the hydrolysis of proteins. It may be 
prepared synthetically from chloroacetic acid and meihylamine, 

+ CH2CIC00H - ch3-nH‘CH2Cooh + lici. 

Sarcosine melts and decomposes at 210-220^ giving dimethyl- 
amine and carbon dioxide, 

CHg-NHCILyCOOH - CH^N^HCHg H- CO^. 

Oholine, CH2(OH) -0112^(0113)3*011 (hydroxyethyltrun ethyl- 
ammonium Itydroxide)^ is an alcohol related to betaine (p. 553). 
It is one of the products of the hydrolysis of lecithin (p. 564), 
and is widely distributed in the animal and vegetable kingdoms. 
It was discovered by Strecker in bile (xoM), and its constitution 
was established by Baeyer. Oholine is contained in hops, and 
also in the alkaloid, sinapine, which occurs in mustard-seeds ; 
it is produced in corpses, as the result of putrefactive clianges. 

Oholine is a strongly alkaline liquid, miscible with water; a 
characteristic salt is the plcdtnicldorhle, (05Hj40N)2Pt01g, which 
crystallises from water in plates. 

Wiien a strong aqueous solution of choline is boiled, glycol and 
trimetliylainine are formed, 

CH,(0H) CH2’N(CH8)3-0H=:CH3(0H)-CH2-0H4 N(CHa)a> 
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a decomposition which clearly shows the constitution of the substance. 
Choline was first synthesised by Wurtz, who obtained it by evaporating 
an aqueous solution of ethylene oxide wdtii triinethylainine, 

CH 

I J‘>0 + N(Cn3)3+n.,0 = CH„(0H) CH,-N(CH,),-0H. 

Lri2 

Neurine, CH2:CH‘N(CH3)3-OII {vinyltrhnethylamwonimn hydr- 
oxide), is formed when choline is heated with baryta-water, 
and it is also a docoinposition product of lecithin, from which 
it is doubtless produced by bacterial action after death. It is 
exceedingly ]>oisoiioiis, and is one of the important ptomaines 
(p. 545). 

Betaine, COOK ■CH2’N (0113)3-011 {oxyiicurine or lycine), may 
1)6 regarded as a derivative of sarcosine, or of glycine. It occurs 
in beetroot {Beta vulgaris), and is obtained in large quantities as 
a by-product in the manufacture of heet-siigar ; it is also found 
in some seeds, especially in those of the cotton-plant. 

Betaine is very soluble in water, and can be obtained in de- 
liquescent crystals, which may represent the hydroxy-acid, but at 
100®, it loses the elements of water and is converted into a salt, 

N(GH3)3-CIl2-COO. 

This salt, also called betaine, melts at 293®, undergoing isomeric 
change into methyl dimethylaminoacetate, N(CH3)2'CIl2’COOMe. 
Corresponding derivatives of other a-, fS-, and y-aniiiio-acids also 
lose a molecule of water giving inner salts, or betaines of the type 
shown above. 

Muscarine occurs in tlie fungus, Fly Agaric {A montia musmrm), which 
is highly tt>xic to flies. It is a strong base, and is very poisonous to 
uiMii, JicliTig especially on the heart. Its constitution is not settled. 

Creatine, NIl;(J'(NH2)-]Sr(CH.3)-CIT2’COOTT, is a very important 
substance found in the muscles, nerves, and blood, and also in 
considerable quantity in meat extract, from wliich it was isolated 
by Chevroul in 1843. The muscles contain about 0-4 per cent, 
of creatine, and it has been calculated that those of a full-grown 
man contain no less than 90-100 grams of this substance. The 
name creatine is derived from flesh, 

Creatine crystallises from water in hydrated prisms (IH^O) ; 
it is moderately soluble in water, very sparingly soluble in alcoliol. 
It has a neutral reaction and a bitter taste, and forms salts with 
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I equivalent of an acid, but it does not appear to possess acidic 
properties. When evaporated with acids it is converted into 
creatinine, (see below), and when heated with baryta-water, it is 
decomposed into urea and sarcomie, 
NH:G(NH 2 )-N(CH,)-CIL,-C 00 H -f H/) - 

NH,-CO]SrH. + NH(CH3)-CH2-COOn. 

Creatine lias been synthesised by heating together cyanainide (p. 319) 
and sarcosine in jilcoholic solution, 

N;CNH2-F-IIN(CH,)CHoCOOH=:NH:C(NH2)-N(CPl8)*CH3-COOH. 
/NH CO 

Creatinine, NH:C< prepared from creatine, 

into wliich it is reconverted by alkalis. It is found (about 0*13 
per cent.) in urine, and is also present in the muscles, especially 
after great exertion; in both these cases it may be produced from 
creatine. 

Creatinine is much more soluble in water tliaii is creatine ; 
it is a strong base, and yields salts, such as the hydrocliloride, 
C4H70 jS’.j,HC 1. When zinc chloride is added to its aqueous 
solution, a highly characteristic, sparingly soluble compound, 
(C4UYON3)2,ZnCl2, separates in fine needles, and this compound is 
used ill the estimation of creatinine. Creatinine reduces Febling’s 
solution, and gives with pliosphomolybdic acid a yellow, crystalline 
precipitate. 


CHAPTER XXXVIII. 

URIC ACID AND OTHER PURINE DERIVATIVES. 

The principal compounds described in this cliapter are closely 
related in structure and are classed as the j)UYine derivatives 
(p. 559 ). Some of them occur in the vegetable kingdom or in 
the animal kingdom only ; others are found in both. Uric 
acid and other purine derivatives of animal origin are formed 
in the human body by the decomposition or degradation of 
the highly complex proteins (p. 572 ). 

XJric acid, 0^11403X4, occurs in human urine, which, on ex- 
posure to the air, deposits the acid as a light yellow powder ; 
sometimes uric acid gradually accumulates in the bladder, form- 
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ing large masses (stones), or is deposited in the tissues of tlie 
body (gout and rheumatism). It was discovered (in 1776) by 
Scheele in urinary calculi. It also occurs in large quantities as 
ammonium urate in the excrement of birds {guam)) and re])tiles, 
and is conveniently prepared by boiling the excrement with 
caustic soda, until all the ammonia has been expelled, and then 
I)ouring the hot filtered liquid into hydrocliloric acid ; the uric 
acid gradually separates as a fine crystalline powder. 

Uric acid is practically insoluble in alcolud and etber, and very 
sparingly so in water (1 part dissolves in 88,000 ])arts of water at 
IS'", and in 1800 parts at lOO"*). 

It behaves like a weak dibasic acid ; with sodium carbonate 
solution it yields a sodium hydrogen salt, G^HyO^N^jNajilhjO, but 
with sodium hydroxide solution it gives the normal sodium salt, 
CriH 203 N 4 N'a 2 ,H 2 ^* metallic hydrogen salts, like the acid 

itself, are all very sparingly soluble in water, but the lithium 
hydrogen salt is more soluble (1 in 368 parts at 19 ") than those 
of the otiier alkali metals, and for this reason lithium carbonate 
is used in medicine, in cases of gout and rheumatism. 

Test for Uric Acid. — Wlien uric acid (say 0 06 g.) is evaporated to 
dryness in a porcelain basin with a few drops of concentrated nitric acid, 
it gives first a yellow and then a reddish-pink residue, wl)ich dissolves 
in ammonia, forming a purple red solution (murexide reaction). When 
it is heated alone, uric acid decomposes, giving ammonia, carbon dioxide, 
urea, cyaiiuric acid, and other products. 

The first important evidence as to its structure Avas obtained 
by a study of the oxidation products of the acid ; when treated 
with nitric acid under suitable conditions, it yields oxahjlurea, 
mesoxalylurea, and (irea. 

Ozalylurea {parabanic acid), C 3 H 2 C) 3 Ko, is a crystalline sub- 
stance, soluble in water and alcohol ; it yields a silver deriva- 
tive, C 303 N 2 Ag 2 , and thus behaves like a dibasic acid. W^hen 
treated with baryta-water, it is hydrolysed in two stages, yielding 
first oxalwic acid, and then oxalic acid and urea, 

/NH'CO 

CO< I +H20 = C0< I 
^NH CO COOH 

Oxalylurea. Oxaluric Acid. 

NHjCONHCO-COOH + H^O - 
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The coiiplitution of orahjlurea is further established by the 
synthesis of the couij)ound from a mixture of oxalic acid and 
urea, in tlie })resence of phosphorus oxychloride. 

Mesoxalylurea (alloxan), crystallises from water in 

Jiydrated prisms, (4ILO). In contact with the skin its tfqueous 
solution produces, after some time, a purple stain ; ferrous salts 
colour the aqueous solution indigo-blue. 

When boiled with alkalis, it is converted into urea and a salt 
of me^oxaltc 

/NHCOv COOH. 

CO< >C( ) -f 3IUO - CO< -f >C(()TI)2. 

N]S'HC(X " ^Nll, COOH/ 

Mesoxalylurea Musoxalie Acid. 

Oxalylurea (parabanic acid) and mesoxalylurea (alloxan) are 
classed as unhides, a term which is ajiplied to acyl-derivatives of 
urea, such as af'etyhirea, NH^'CO’NIIdjO'CHg, and iliacetijlnrea, 
CO(NI1*C()‘CII.j) 2. The more important ureides, however, are 
those derived from urea by the displacement of one of the 
hydrogen atoms of both the groups by a bivalent acid 

radical, and in addition to the two examples given above the 
derivatives of malonic acid are of interest. 

NH ‘CO 

Malonylurea (barbituric acid), may be pre- 

pared by heating a mixture of urea and malonic acid with phosph- 
orus oxychloride at 100°, and also by boiling an alcoholic solution 
of urea with ethyl sodiomalonate ; it crystallises from water iii 
prisms (2HoO), and from its solution in ammonia, silver nitrate 
precipitates a silver derivative, C 4 H 203 N 2 Ag 2 . J^umerous alkyl 
derivatives of malonylurea, prepared from urea and alkyl substitu- 
tion products of ethyl malonate,are used as soporifics or ana3sthetics, 
as, lor example, diethylmalonyhcrea (veronal) the ^sodium ethyl 
derivative of methylbuiylmalonylthiourea{ 2 ^entothal), and '^-methyl- 
cyclohexenylmethylmalonylurea (evipan). 

It will be seen from the formulae of the ureides of dicarboxylic 
acids that the molecules of these compounds, like those of suc- 
cinimide (p. 248) and phthalimide (p. 458) contain imido-groups. 

1 Mesoxalic acid, or dihydroxymalonic acid, is formed when dibroraomalonio 
acid, CBr 2 (COOH)o, is boiled with baryta- water ; it melts at 108®, and is one of 
the few compounds in the molecule of which there is a group, >C(OH)j, stable 
at 100®. 
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-CO’NH'CO- ; as the hydrogen atom of such a group is displace- 
able by metals, and the ureides thus formed salts, some of them 
were given names such as parabanic acid, barbituric acid, &c., 
before their structures were known. Uric acid, and otlier members 
of the purine group (p. 559) wdiich give metallic salts, are also 
imides and not carboxylic acids. It is not easy to decide whether 
the molecules of these salt-forming ureides contain the lactam 
group -CO’NH-, or the tautomeric lactim ~C(OH):lS^- complex, 
and either formulation may be used, but it is known tliat when 
the metallic salts react with methyl iodide, tlie methyl group or 
groups in the products are combined with nitrogen. The first 
product of hydrolysis of a urpide of this type, sucli as oxal} lureu, 
is called a ureido-acid, as, for example, oxaliiric acid (p. 555). 

Sijidheses of Uric Acid . — The constitutions and relationships ol 
t-lic above, and of other degradation products of uric acid, having 
been establislied — mainly by Jlaeyer — the following structural 
f(*rmnla for the acid was suggested by Medicus in 1875 : i 


NH— CO 

1 .. ( 


• . r* 1 

Mesoxalylurea Fragment. CO ; C — 

NH. 

1 i II 

>CO 

JSTHi-C- 



Oxalylurea Fragment. 

Tiiis formula, which was based on the formation of the three 
oxidation products, oxalylurea, mesoxalylurea, and urea, was 
finally established by the synthesis of uric acid by Behrend and 
Koosen in the following manner: Etliyl acetoacetate (in the 
eiiolic form, p. 189) condenses with urea, giving ethyl j^-urantido- 
crotonate ; and the corresponding acid, ^'Uramidocrotonic acid^ i., 

NIL COOEt NH, COOH NH- CO 

II II II 

CO CH _ CO CTI CO CH 

I i , I I I II 

NH, HO C-CHs'^ NH— C CHj NH— C CH, 

I. II. 

which is obtained by hydrolysis, readily loses water and forms 
meiliyluraeily ir. When methyluracil is treated with nitric acid, 
1 The structures of uric acid and its derivatives are given in the form used by 
Medicus, Baeyer, Fischer and others. 
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the methyl is oxidised to a carhoxyl group, and at the same time 
a nitro group is substituted for an atom of hydrogen. The nitro- 
urcicilic acid^ iii., which is thus obtained, is decomposed in boil- 
ing alkaline solution, giving nitrouracil^ iv., which, wlien treated 
with tin and hydrochloric acid, is converted into a mixture of 
aininouranl and hydroxy urarAl^ v. 

NH— CO Nil— CO NH— CO 

II II II 

GO C NO., -> CO C-NO„ CO C'OH. 

I II I II I II 

NH— CCOOH NH— CH NH— CH 

III. IV. V. 


Bromine-water oxidises liydroxyuracil to diliydroxy uracil or 
dialuric oucid^ vi., which, when heated with urea and sulphuric 
acid, yields uric acid, vii., 


NH- 

1 

-CO 

NPI- 

1 

-CO 

1 

CO 

1 

C(Oll) NH,^ 

1 

CO 

1 

C-NH. 

1 

II + 

>co=. 1 

II 

NH- 

-C(OH) NH./ 

VI. 

NH- 

-C-NH' 

Vll. 


€0 + 2H2O 


A later synthesis of uric acid was carried out as follows : Malonyl- 
urea {harhituric acid), i. (p. 556), prepared by heating urea with 
inaloiiic acid, is treated witli nitrous acid, by which it is con- 
verted into violuric acid, ii. On reduction, this acid gives ura'uiil, 
HI., which reacts with potassium cyanate in aqueous solution 
to form pseudouric acid., iv. : 

NH— CO NH— CO NH— CO 

II II II 

CO CH, — CO C:NOH — CO CH-NH, 

I I ‘ I I II 

NH— CO Nil— CO NH— CO 

I. II. HI. 

NH— CO NH-CO 

II II 

— CO CH-NH V — CO C NH. 

II >CO I j >co. 

NH— CO NH/ NH— C(OH) NH/ 

IV. V. 


When this acid is melted with oxalic acid, or heated with hydro- 
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chloric acid, it loses the elements of water and gives uric acid ; 
in this last stage (accomplished by E. Fischer) the pseudouric 
acid probably first uiulergoos a tautomeric change into the enolic 
form, V. 

Methyluric Acids . — When an alkaline solution of uric acid 
is shaken with an excess of methyl iodide, mono-, di-, tri-, and 
finally a tetramethyluric acid, are formed ; in all these compounds, 
the methyl groups are directly combined with nitrogen. 

The Purine DeHvatioes . — Uric acid, and many other important 
natural products, maybe regarded as derived from pimne] this 
compound and many related substances were prepared by E. 
Fischer. The names and formulae of the more important mem- 
bers of the purine group are given below, numbers being used 
to indicate the positions of the substituents, as shown in the 
formula of the parent substance : 


ri) N=CH (6) 

I I (7) 

<2) CH (5)C— NHv 

(4) (9) 

Purine, 


NH- CO 
I I 

CO C-NHs 


(s) N- 


J-K. 


NH— CO 

I I 

CH C— NHv 

Hypoxanthine or 6-Oxypurine, 

NH— CO 


^CO 

NH— C— NH/ 

Uric Acid or 2,6,8-Trioxypurine. 

NH— CO 

I I 

CO C— NHv 

I II 

:nh— c — 

Xanthine or 2,6-Dioxypurine. 


CHjN- 


co 


CO C-N(CH3). 

I II >H 

CH,-N C N^ 


CO C-N(CH,K 


CH,N- 


-t 


N 




CH. 


Theobromine or 
8, 7-Dimethylxan thine. 

N^C'NH, 

I I 

CH C— NH 


Ci Heine or 

1,3,7'Trimethylxanthine. 




^CH 


NH^C 


NH— CO 

I I 

C— NH 


\ 


CH. 


Org. 


II i 

N C N-/ 

Adenine or 6-Aminopurine. Guanine or 2-Amino*6-oxypurine. 

37 
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Purine, may be obtained from uric acid by first 

heating the acid at about 160° witli a large excess of phosphorus 
oxychloride, which converts it into 2^%fi4richloropitrine ; in tin’s 
transformation the uric acid reacts as if it were a trihydroxy- 
compound {^fi^^ triliydroxypurine) or tri-lactim, since three atoms 
of hydrogen and three atoms of oxygen are displaced by three 
atoms of chlorine : 

NH CO N==C(OH) N— CCl 

II II II 

to C — NHs — C(OH)C NH. — CCl C—NHv 

I 11 >CO li li >C(OH) II Jl >CC1. 
NH — C — NH^ N C — N — C — 

Uric Acid. Uric Acid. 2,6,8-Trichloroparinc. 

(Lactam atructure). (Imctim atrnctiirc). 

The 2,6,8-trichloropurine thus obtained, treated with bydriodic 
acid at 0°, is converted into 2fi-diiodopun7ie, and this com- 
pound, with zinc-dust and water, is reduced to ]>urine. 

Purine melts at 216°, and is very readily soluble in water; it 
has both basic and acidic properties. 

Hypoxanthine, {sarkim^ or ^-oxypuvim), has been 

found, usually accompanied by xanthine, in the blood and in 
urine; also in the muscles, spleen, liver, pancreas, and marrow^. It 
is sparingly soluble in water, but dissolves readily in both acids 
and alkalis ; it may be obtained from adenine, as described later. 

Xanthine, {‘lfi<Uoxy purine)^ occurs in small quan- 

tities in the blood, the liver, the urine, and in urinary calculi ; 
it is also present in tea. It may be obtained by treating guanine 
(p. 662) with nitrous acid ; the by droxy-com pound (lactini) thus 
formed, or tlie corresponding lactam, is identical with xanthine. 

Xanthine may also be obtained from uric acid, since 2,6,8- 
trichloropurine (see above) with sodium etboxide, gives 2,6- 
diethoxy-%-chloropurine^ which is converted into xanthine by 
hydriodic acid. 

Xanthine is a colourless amorphous powder, sparingly soluble in 
water, but readily soluble in alkalis ; it gives a lead derivative, 
which, when heated with methyl iodide, yields theolnvmine. 
When oxidised with potassium chlorate and hydrochloric acid, 
it is resolved into urea and mesoxalylurea (p. 666). 

Theobromine, C^HgOgN^ (3,7-dimethylxantMne), occurs in cocoa- 
beans, and resembles caffeine in properties; when treated with an 
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ammoiiiacal solution of silver oxide, it yields silver theohrominey 
which reacts readily with methyl iodide, giving caffeine. 

Theophylline, C^HgOgN^ {\,*d-dim.ethylxanfMne), an isoineride 
of theobromine, occurs in tea and melts at 264°. 

Ca*ffeine, (fheine, \-metliyltheohrommey or 1,3,7- 

trimefhylxanthine), occurs in coffee-beans (1-1*5 i>er cent.), in 
tea (2-5 per cent.), in kola-nuts (1~2 per cent.), and in other 
vegetable products. 

Tea (1 part) is macerated with hot water (4 j)art.s), milk of lime (1 part) 
is added, and the niixtnre is evaporated to dryness on a water-liatli ; the 
caffeine is then extracted by means of chloroform, the extract is evap- 
orated, and the crude base is purified by recryslallisation from water. 

'^Caffeine forms colourless r.cedles, (IH 2 O), melts at 239°, and at 
higher temperatures sublimes unchanged ; it has a bitter taste, and 
is sparingly soluble in cold water and alcohol. It is a feeble base, 
and forms salts with strong acids only ; even the hydrochloride^ 
C 8 H^q 02 N 4 ,HC 1 , is hydrolysed by water. Caffeine is a nerve 
stimulant and also a diuretic; its salts, generally the citrate^ are 
used ill medicine. 

^ Tests for Caserne. —When caffeine (say 0*05 g.) is evaporated with 
concentrated nitric acid (1-2 dio]>s) in a jmrcelain basin, it give.s a 
yellow residue, which, after having been heated over the free flame 
until it has turned brown, gives a purple-red solution vith ammonia 
(compare muiexide reaction, p. 555). A solution of caffeine (0 05 g.) in 
chlorine- water (about 5c.c.) yields, on evaporation, a yellowish-brown 
residue, whicli dissolves in dilute ammonia, giving a purple solution. 

V Caffeine may be obtained from uric acid in various ways, as, 
for example, by the following stages: Uric acid trichloro- 
purine— * diethoxychloropurine--^ xanthine—^ tbeobromine— ► caffe- 
ine. A simpler method, which has been employed commercially, 
is to convert uric acid into tetramethyluric acid (p. 559), which 
with phosphorus oxychloride at 160° gives chlorocaffeine, a methyl 
group being displaced by chlorine ; on reduction with bydriodic 
acid the chloro-derivative gives caffeine. 

Adenine, C 5 H 5 N 5 ifo-aminopuHne\ may be prepared from the 
nuclei of cells, and is thus often found in the extracts of animal 
tissues. It crystallises from water in pearly plates (SHgO). 
Nitrous acid converts it . into hypoxanthiney the amino- being 
displaced by a hydroxyl-group (compare xanthine, p. 560). It 
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has been obtained synthetically from trichloropurine (p. 560), 
wliich, when treated with ammonia, gives ^-amino-^fi-dichloTo- 
purine ; the latter, on reduction with liydriodic acid, gives 
adenine. 

Guanine, {2-amino-^-oxijp)urine), has been found in 

guano, tlio liver, the pancreas, and in animal tissues. It can be 
obtained from 2,6,8-trichloropurine, which, when lieated with 
alkalis, gives 6-oxy-2,8-dichloropurine ; this compound is converted 
into 8-chloroguanine with alcoholic ammonia, and the product, 
reduced with liydriodic acid, gives guanine. It is an amorphous 
powder, which combines with acids to form crystalline salts. 
When treated with nitrous acid, it yields xanthine (p. 560), and 
on oxidation, it gives oxalylurea (p. 555) and guanidine. 

In the animal body guanine is transformed into xanthine, and 
adenine into hypoxanthine, which is then converted into xanthine ; 
the last-named compound is further oxidised to uric acid. With 
the exception of uric acid, these purine bases also occur in the 
vegetable kingdom, especially in germinating seeds. 

Guanidine, NHy*C(:NH)*NH5^ (irninourea), is not a purine 
derivative, and was first prepared by Strecker in 1861 by tlie 
oxidation of guanine with potassium chlorate and bydrocbloric 
acid. It maybe synthesised by treating cyanogen iodide^ with 
ammonia, cyanamide (p. 319) being formed as an intermediate 
product, 

NII 2 C i N + HNHg - N?l2C(:Nn)*NH2. 

Guanidine is conveniently prepared by beating ammonium thio- 
cyanate at 170-200°, when the thiourea (p. 320), which is first 
produced, reacts with a further quantity of the ammonium thio- 
cyanate, yielding guanidine thiocyanate, 

Hg + NHg,HSCN - NH2'C(:NH)NH2,HSCN -p H^S. 

Guanidine forms colourless crystals, and is readily soluble in 
water ; it is a strong mono-acidic base, and of its salts the nitrate, 
NH 2 *C(:NH)'NH 2 ,HNOg, like urea nitrate, is sparingly soluble 
in water. The base is decomposed by a solution of barium 
l»ydroxide, giving urea and ammonia. 

When guanidine is treated witli a mixture of nitric and sulphuric 
aeids, it yields nitrogxianidine, NHj'Q-.NHj-NH'NOa, which, on re- 

^ Cyanogen iodide sublimes in oolourlens needles when a mixture of iodine and 
mercuric cyanide is heated ; it is very poisonous. 
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diiction with zinc-dust and acetic acid, is converted into aminogtianidiney 
Nll 2 *C(:NH)*NH*NH 2 . When the latter is warmed with acids, it yields 
semiearbazide, 

NH2'C(:NII)NllNH3 + H20=:NH2C()NnNH2 + NH3, 
which may be further liydrolysed into ammonia, carbon dioxide, and 
hydrazine^ 

NHaCONHNHa+HaO^NH^ + COa-fNHaNHa. 
Semicarbazide is an important reagent (p. 138). 


CHAPTER XXXIX. 

SOME IMPORTANT COMPONENTS OF ANIMALS AND PLANTS. 

The cells of plants and of animals, even those of the lowest 
organisms, are wonderful laboratories, in which compounds of 
great complexity are synthesised from very simple materials — and 
are also decomposed again — by chemical processes, many of which 
it is as yet impossible to bring about without the aid of tlie living 
organism, or at least of those little-known agents, the enzymes 
(p. 303), which are formed in the living cells. Plants absorb carbon 
dioxide from the air, dissolved mineral ^natter — which must in- 
clude nitrates or ammonium salts — from the soil, and produce 
carbohydrates, fats, and proteins (p. 572), which serve as food for 
animals ; in addition, vegetable organisms synthesise a very large 
number of other most important substances, such as the alkaloids 
and purines, oil of turpentine, and other terpenes, essential oils, 
rubber, resins, many colouring matters, glucosides, &c. Animals 
cannot synthesise the components of their bodies from the simple 
materials which are adequate to plants; they must be supplied 
with carbohydrates, fats, and proteins from which they, in their 
turn, elaborate a great variety of compounds essential to their life. 

In this chapter a few of the more notable and interesting 
components of living matter are described briefly ; many of them 
are of great complexity and their structures are still unknown, 
but substantial progress has already been made in many direc- 
tions, with results of the utmost importance to mankind. 

Lecithin is very widely distributed throughout the animal and 
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vegetable kingdoms. It is found in small quantities in bile and 
in most organs of the body, and is especially prominent in the 
brain-substance and nerve tissues, the blood corpuscles, and the 
liver; it occurs in considerable quantities in yolk pf egg (hence 
its name, from yolk of egg), and is also found in plants, 

particularly in the seeds. 

Lecithin is a waxy, apparently crystalline, very hygroscopic 
substance, readily soluble in alcohol and ether; in contact with 
water, it swells up and forms an opalescent, colloidal solution. 

It is dextrorotatory, but is readily racomised. When hydrolysed 
it gives choline (p. 552 ), two or more (saturated or unsaturated) 
monocarboxylic acids, such as stearic, palmitic, or oleic acid, and 
glycerophosphoric acid,^ or its decomposition products. 

The constitution of lecithin may, therefore, be represented by 
the formula, 

CILOCOR 

I ^ 

CHO-COR 

CH2‘0-P0(0H)*0*CH2CH2*NMe3*0H, 
in which -CO*R represents the radical of one of the acids just 
mentioned, or that of some other monocarboxylic acid. Many 
varieties of lecithin occur in animals and plants, differing from 
one another as regards ^ the organic acids which they give on 
hydrolysis. A more complex substance, protagoriy obtained from 
brain-tissue, which seemed to be closely related to the lecithins, 
is now known to be a mixture. 

Glycocholic acid, €24113904 •N'H CHg’COOH, occurs in human 
bile in the form of its sodium salt, C 26 H 420 ( 5 NNa. It forms 
colourless needles, melts at 133 °, and is soluble in water and 
alcohol, but very sparingly so in ether; its alcoholic solution is 
dextrorotatory. When boiled with alkalis, it yields cholic acid 
and glycine, 

C24H39O4 NH CH2 COOH -f- H2O - C24H40O, 4 - NH2 CH2 COOH. 

Taurocliolic acid, C24H3gb4*NH CH2'CH2'S03H, also occurs in 
human bile and in the bile of the ox and other animals, in the 
form of its sodium salt, C2(iH440.7NSNa. It crystallises iu 

1 Glycerophosphoric add, C3H6(0H)2*0‘P0(0H)2, is a thick syrup, prepared 
from glycerol and inetaphosphorio acid ; salts of glyoerophosphorio acid are used 
in medicine as a source of phoi^horus. 
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needles, is readily soluble in alcohol, and is dextrorotatory. When 
boiled with alkalis, it gives cholic acid (as a salt) and taurine, 
C, 4 H 3904 NH’CHaCH 2 *S 03 H + = C2,H4o06 + NHaCHa-CH/SOgH. 

Cholic acid, €24114^05, crystallises in plates (m.p. 195®), which 
are sparingly soluble in water, readily so in alcohol and ether; its 
solutions are dextrorotatory. 

In addition to cholic acid, several other closely related acids 
occur, in combination with glycine or taurine, in the bile of man 
and of various animals (Part III.). 

Taurine, NH^^'CHgCHQ'SOgH {P-miinoethanesulpTionic acid), 
was discovered by Ginelin, in 1824, in ox-gall (see p. 564). It 
is readily soluble in water, but insoluble in alcohol, and decom- 
poses at about 240° ; it is neutral to indicators, but forms salts, 
such as the sodium salt, IS’Hg’CHy’CHg'SO^Na, with bases. 


Taurine lias been prepared by carefully treating alcohol with sulphur 

OHjj-O—SOa 

trioxide to form carhyl sulphate j 1 » , which on hydrolysis 

CH 2 * 802*0 

gives isasthionic acid, SOglPCHa'CHa OH. This crystalline acid, with 
phosphorus pentachloride, yields (the acid chloride of) Moroethane< 
sulphonic acid, CHaCl'CHg'SOgH, from which taurine is obtained with 
the aid of ammonia. 


Cholesterol, C27H45*OH, is an unsaturated monohydric alcohol 
which occurs in bile, in the brain, and in considerable quantities 
(up to 98 per cent.) in certain gall-stones and cancerous and 
tubercular deposits ; it is also found in tlie yolk of egg and in 
some vegetable oils ; the fat (lanoline) obtained from wool, is a 
mixture of cholesteryi palmitate, stearate, and oleate. 

Cholesterol is readily obtained by extracting common gall-stones with 
absolute alcohol, boiling the extract with a little potash, and then 
precipitating the concentrated solution with water; the product is 
washed with water and crystallised from a mixture of ether and alcohol. 

Cholesterol separates from ether in plates, melts at 148°, and 
distils at about 360° without appreciable decomposition ; it is 
Isevorotatory and insoluble in water. In the lower intestine it is 
reduced to coprosterol^ €27114^ *011. 


Reactions of Cholesterol. — When a few centigrams of cholesterol are dis- 
solved in chloroform (2 c.c.) and the solution is shaken with concentraled 
sulphuric acid (2 c.c,), the chloroform solution is coloured red and then 
purple, and the sulphuric acid acquires a green fluorescence. 
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Concentrated sulphuric acid, containing a little iodine, colours chole- 
sterol violet, then blue, then green, and lastly red. W armed wi Lli dilute (20 
I)er cent. ) sulphuric acid, cholesterol crystals are coloured red at the edges. 

Several otlier compound.s related to cholesterol, and classed as 
phytostsroh^ have been found in the vegetable kingdom. 

Ergosterol, CggH^g'OH, occurs in ergot and in yeast, and is 
probably widely diffused in animals and plants ; it melts at 154°, 
and is laevorotatory. 

When ergosterol (usually prepared from yeast) is exposed to ultra- 
violet light, it is partly converted into a resinous or waxy product, 
wliicli is a mixture of various isornerides of the sterol (produced 
successively) and from which a crystalline compound, calciferol^ 
can be isolated. 

Calciferol, C28H4g‘OH, is a vitamin (p. 570), distinguished as 
vitamin D 2 ; it was the first of these most important compounds 
to be isolated and is used iu medicine on account of its curative 
action in cases of rickets. It is so potent in this respect that the 
effect of a daily dose of only 1/400,000 mg. during 14 days can be 
detected. Since cholesterol and probably other sterols occur in tlie 
human skin, the well-known beneficial effects of sunlight in cases 
of rickets seem to be the result of the production of vitamin Dg 
from one or more of the sterols in the animal body. 

Stigmasterol, C 29 H 47 *OH, is also an important phytosterol ; it 
occurs in the soya- and calabar-bean. 

All the bile acids and the sterols are related to one another in structure, 
since they can all be converted miocholanic acid) Cj 4 H 4 QOa ; the framework 
of the molecule of this compound is a fully reduced phenanthrene complex, 
wiiich is condensed with a closed chain of 5«carboii atoms in the 1 :2 position 
(p. 502). 


Hormones. 

Certain small organs of the body, which at one time seemed 
to have no particular function, are now known to produce internal 
secretions, which do not pass to other parts of the body through 
definite channels, but are absorbed by the veins of the gland into 
the blood system. The secrgttions of such ductless or endocrine 
glands contain substances, named hormones an impulse) by 
Starling, which are most extraordinarily active, which play a highly 
important part in exciting or regulating the action of other organs, 
and the deficiency or exce^ of which leads to serious or fatal 
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results. Three of the better-known hormones are described below ; 
of these, adrenaline and thyroxine, especially the former, are very 
simple substances, compared with many animal products, their 
constitutions are known, and they have been synthesised. 

/-Adrenaline, (adrenine, epinephrine), is the hormone 

produced in the very small organs known as the supra-renal or 
adrenal glands, and was obtained in a crystalline form by Aldrich 
and by Takamine in 1901. When injected into the blood system, 
it causes a contraction of the arteries and a very considerable in- 
crease in the blood pressure, the effect of a dose of 0*001 mg. 
given to a cat being recognisable. 

Adrenaline is a crystalline, laevorotatory, secondary base (m.p. 
216''), sparingly soluble in water, but readily soluble in caustic 
alkalis ; its phenolic cliaracter is shown by its behaviour towards 
alkalis, and also by the fact that, like catechol (p. 431), it gives 
an intense green colouration with ferric chloride. It is decom- 
posed by boiling alkalis, giving mothyJamine ; it affords proto- 
catechuic acid (p. 533) when it is fused with alkalis, and when it 
is exhaustively methylated and then oxidised, it is converted into 
trimethylamine and acid, CQH 3 (OMe) 2 ‘COOH [2 OMe = 3:4], 

a dimethyl-derivative of protocatochuic acid. 

From these and other facts the structural formula (in.) was 
assigned to adrenaline, and was fully established by the following 
synthesis: Catechol, when it is treated with choroacetyl chloride, 
gives chloroacetylcatechol (i.), which, with an excess of methyl- 
amine, is converted into a crystalline, substituted ketone, ad- 
renalone (n.) ; this compound, reduced with aluminium amalgam 
and water, gives ^hadrmaline (iii.) : 


COCH2CI 

o 

OH 

(I.) 



CH(OH)CHaNHMe 



(TIT.) 


The c?/-base is only about one-half as potent as the Z-base ; when 
its hydrogen tartrate is fractionally crystallised from methyl 
alcohol, the ZBr/A salt separntes, and the base, obtained from this 
salt, is identical in every respect with Z-adrenaline. The cZ-base, 
which remains as hydrogen tartrate in the mother liquors, is readily 
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racemised by hydrochloric acid ; from the f^Z-compound thus formed 
further quantities of the Z-base are obtained. 

The physiological activity of rZ-adrenaline is only about ^\th 
of that of the Z»base. 

Z-Thyroxine, is a hormone which occurs, combined 

with a protein, in the thyroid gland, the defective development 
of wliich was found to bo associated with cretinism and myxoe- 
dema, whereas its abnormal enlargement was observed in cases 
of goitre ; preparations of the thyroid glands of animals, adminis- 
tered by the mouth, were found to have a very beneficial effect 
on patients suffering from cretinism and myxcedema, so that a 
relation between the gland and these diseases was established. 
In 1896 Baumann discovered that the tliyroid contained combined 
iodine, and twenty years later a crystalline iodo-compoiind was 
isolated from it by Kendall ; minute doses of this compound, 
which he named thyroxine^ were found to have the same beneficial 
effect on tlie above-mentioned diseases as large quantities of the 
gland-substance. 

The molecular formula of thyroxine was determined by Har- 
ington, who also showed that, on reduction with hydrogen in 
alkaline solution in the presence of colloidal palladium, the iodine 
was displaced by hydrogen, giving a primary base, desiodothyroxine, 
C16H15O4N, from which, by exhaustive methylation and decom- 
position of the quarternary salt, he obtained an unsaturated acid, 
MeO'C^H^’C’C^^H^-CILCH COOH ; on oxidation, this acid gave 
an aldehyde, MeO'CgH^’O C^jHj'CHO, and the corresponding acid. 
When fused with potash, desiodothyroxine was converted into 
quinol, p-hydroxy benzoic acid, a phenol, H0'CeH4‘0*C(jH4*CHg, 
derived from plienyltolyl ether, oxalic acid and ammonia. 

The constitutions of these various degradation products of 
desiodothyroxine having been determined, and collateral evidence 
as to the positions of the iodine atoms in thyroxine having been 
obtained, it was possible to assign to the latter the structural 
formula given later ; this formula was finally established by the 
following synthesis, accomplished by Harington and Barger, and 
now used for the commercial preparation of thyroxine : 

A solution of p-metlioxyphenol, treated , with 3 : 4 : 5 -triiodonitro- 
benzene in the presence of anliydrous potassium carbonate, gives 
a raethoxynitrodiiodo-derivative of diphenyl ether, 
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1 

MeO-CgH^-OH + I<^]>N ()2 = MeO-C^H.-O^^ ^N02 + HI. 

T~ i'~ 

The iiitro-group in this compound is successively transformed 
into -NHg, -NgX, and -CX by the usual methods (p. 404), and 
tlie cyano-derivative is reduced to the aldimine with anhydrous 
stannous chloride and hydrogen chloride in ethereal solution 
(p. 438). The aldehyde obtained from the aldimine, is condensed 
with liippuric acid, and the product, 

I 

Me0'C6H^-0<(^^ CHrC-NH-CO-C^Hj, 

i COOK 

is boiled with coir : iitrated hydriodic acid, acetic anhydride, and 
red phosphorus, by which it is converted into the saturated amino- 
acid, H0 C 6 H 4 - 0 -C 6 H 2 l 2 -CH 2 *CH(NH 2 ) C00H, by reduction and 
displacement of the methyl- and benzoyl-grouj)s by liydrogen. 
Finally this saturated ^f/-amino-acid is treated with potassium 
triiodide in ammoniacal solution and is thus converted into 
/3‘ [3 : 5-diiodo-4-(3 : 5-diiodo-4-hydroxy]>henoxy)] -phenyl -a-amino 
I I 

propionic acid, HO<^ O— <( y-CH,-CH(NH 2 ) 'COOH. 

I I 

This 6?/-acid, resolved indirectly , gave an ?-acid, identical with 
tliyroxine in physical, chemical, and physiological properties. 

Insulin is a hormone, which is secreted by the islet cells {islets 
of Langerhans) of the pancreas of man and of animals, and is of 
great physiological importance. It has been known for about 
forty years that the removal of the pancreas brings on the symjitoms 
of diabetes niellitus^ and it seemed very probable, therefore, that 
this disease was closely connected with some deficiency in that 
organ ; it was not, however, until 1922 that Banting and Best 
succeeded in separating from the pancreas a stable preparation 
which, when injected into the system, was found to diminish the 
proportion of glucose in the blood, and to produce a wonderful 
improvement in the condition of patients suffering from diabetes. 

*Meu declining quickly or slowly through stages of weakness 
and pain to early death, have been brought within a few days 
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back to full working powers ; sufferers carried to hospital, actually 
dying of diabetes, already helpless and unconscious, have been 
resuscitated as by some magic, and have been brought back 
almost at once to normal life by help of this remedy.’ ' 

The preparation, or the hormone contained in it, which produces 
these effects was named ImuUn by the discoverers. 

A crystalline preparation of insulin, which is laevorotatory, has 
been described by Abel, who assigns to it the empirical formula, 
C 45 Hg^Oi 4 N|jS, SHgO, but little is yet known of its structure; it 
is certainly a very com})lex substance, having a molecular weight 
of at least 20,000 ; it gives some of the reactions of proteins, and 
on hydrolysis affords a mixture of many amino-acids. 


Vitamins. 

The work of many investigators, extending over a very long 
period, gradually led to the conclusion that normal health depended 
not only on the quantity of food, which is consumed, and the 
composition of its main components, but also on some factor or 
factors quite unknown. 

Scurvy, for example, which in days gone by was rife among 
sailors during long voyages, was prevented to a greater or less 
extent by the addition of lemon juice to the men’s rations. Much 
later it was found that heri-her% a disease common in the East, was 
due to a diet of cleaned or polished rice, and could be cured by 
adding an alcoholic extract of the polishings to the food of the 
sufferer. From the alcoholic extract of tlie polishings, there was 
obtained a highly potent, nitrogenous material which was called 
^vitamine* by Funk, but this preparation was a mixture, and its 
active component was not isolated. 

In 1906, it was shown by Hopkins that although a mixed diet 
of ordinary food consisting of carbohydrates, fats, proteins, and 
mineral matter, may be sufficient for normal nutrition, a diet of 
the same substances, after they have been ‘purified,’ may be 
totally inadequate and give rise to various diseases ; he also proved 
that fresh milk contains something, other than the components 
just mentioned, whicli is essential to a growing animal. 

It was then found that many other food stuffs, such as butter, 

1 Report of Medical Research Coanoil. 
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egg-yolk, wheat-germ, orange-juice, fresh vegetables, &c., also con- 
tain some very active components which are essential to normal 
health ; these unknown compounds were named vitamins and were 
distinguished as vitamin A, B, &c. according to their effects, or to 
the results produced by their absence. Later on, it was found 
that certain active extracts or preparations which had been regarded 
as a vitamin, were mixtures of active substances, each of whicli 
Ijad a specific physiological effect ; these components, of vitamin B 
for example, were then distinguished as Bj, Bg, and so on. 

Vitamin A enables an organ to resist infection and restores the 
growth of young animals suffering from a diet deficient in this 
vitamin; it does not itself occur in food, but is produced in the 
body from carotene (‘Bart |ll.) whichds d^nind in many plants, such 
as carrots, spinach, tomatoes, &c., and also in cod-liver oil, 

Wlien about 0*1 of an oil or fat, <li.HHolved in eJdoiofonn, is added to 
al)out ‘2 c.c. of a ^^0 per C(uit. solution of antimony tiichloiide, a bine 
colouration is obtained, owing to the presence of vitamin A. 

Vitamin B (a mixture of Bj, B.,, <fec.) is present in rice-polish- 
ings, yeast, liver, and many vegetables ; its a))sence from a diet 
brings on beri-heri and retarded growth. Vitamin C is contained 
in many vegetables and in lemon-juice, which has long been used 
as an antiscorbutic or preventive of scurvy. It is a crystalline, 
optically active compound, and is also called ascorbic acid 

(Part Iir.). Vitamin Do (calciferol, p. 566) is concerned with the 
calcification of bones and teeth ; its absence causes rickets. It 
occurs in cod-liver oil, whicli was used in medicine as a cure for 
rickets long before vitamins were discovered, and also in the oil 
from halibut- and other fish-livers. The discovery of its formation 
from ergosterol was of very great imj)ortance, and its almost 
incredible potency is indicated by the statement already made 
(p. 566). Vitamin E is contained in large proportions in wheat- 
germ and its absence brings about sterility. All vitamins seem 
to originate in the vegetable kingdom, those present in animal 
products (eggs, butter, cod-liver oil, <kc.) having been produced in 
the body from vegetable food. 

Vitamins may be compared with hormones and with enzymes, 
since a minute quantity of any member of any of these groups 
is capable of bringing about within the body chemical changes, 
which are essential to normal life. 
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The wonderful success which has already crowned the efforts 
of chemists and biologists in the investigation of the hormones 
and the vitamins is of outstanding importance for the welfare of 
mankind. When the difhcnlties of separating a vitamin of un- 
known properties, from relatively enormous masses of animal 
or vegetable matter, were considered, it seemed tliat the task was 
well-nigh impossible, and that many years must elapse before even 
the most abundant of these substances could be isolated. In fact, 
however, to some extent owing to chance discoveries, progress has 
been astonishingly rapid ; some of the vitamins have not only been 
obtained in a state of purity, but their structures have also been 
determined, and their s^uithesis accomplished. 

2%e Proteins, 

The white of egg, when separated from the yolk, membrane, 
and shell, is a thick, colourless, transparent, sticky fluid, miscible 
with water ; on exposure to the air it rapidly loses water, and 
if dried artificially it quickly slirivels up, giving 12-15 per cent, 
of a translucent amorphous solid, which contains some mineral 
matter. 

Wlieii white of egg is put into boiling water it undergoes a 
remarkable change, and is said to have coagidaied ; it is now 
insoluble in water and opaque, and forms a solid mass, which, 
liowever, still contains a large percentage of water ; during 
coagulation, it is probable that chemical as well as physical 
changes have occurred. 

Wlieii wliite of egg is left exposed to the air under ordinary 
(non-sterile) conditions it soon begins to putrefy — that is to say, 
it decomposes owing to the action of organisms, yielding a great 
number of products, among wliich are liydrogen sulphide, ammonia, 
ptomaines (p. 545), and various amino-acids (p. 542). Further, 
when white of egg is heated with dilute mineral acids or with 
alkalis, it undergoes a profound decomposition, giving in the 
first place various highly complex products (aihumoses, pro- 
peptones, peptones), and finally a large number of simpler com- 
pounds, of which the amino-acids are the most important. Similar 
results are obtained with the aid of digestive enzymes, such as 
pepsin. 
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Til is brief account of the behaviour of white of egg will 
suffice to show that it is an extremely unstable and extraordinarily 
complex substance. When its aqueous solution is half-saturated 
with ammonium sulphate, a part of it (egg-globulin) is precipitated 
and a part (egg-al))umin) remains in solution, but both these 
products are probably mixtures ; the globulin differs from the 
albumin, inasmucb as it is not soluble in water, except in tlie 
presence of a certain very small proportion of mineral salts, but 
otherwise there is little kiiowui difference between the two products. 

Now egg-albumin and egg-globulin may be taken as representa- 
tives of a very ill-defined group of substances, which are classed 
together as the proteins. Sucli substances form not only the 
most important part of the contents of the cells of all animals 
{TpuiT€iov, pre-eminence), but they also occur in considerable quan- 
tities in all plants, especially in flie seeds ([)eas, beans, cereals, 
&c.) ; it is, in fact, from these vegetable proteins that those 
contained in animals are formed, since the animal, unlike the 
plant, is incapable of building up its tissues from carbon dioxide, 
water, and mineral matter. The vegetable proteins, then, are 
assimilated by animals, and apparently they are changed very 
little during this process. 

The proteins are q.U 2 *olpp€ 2 Mles (p. 546), and in the complex chain 
each amino-acid residue occurs, apparently, at regular intervals. 
Tliey differ very considerably in physical properties, but the follow- 
ing general statements may be made : The proteins are insoluble in 
alcohol and ether, and also, as a rule, in water ; but many of them 
dissolve in salt solutions, and the presence of salts accounts for 
the solubility of the proteins in the fluids of the animal body. 
They are all optically active (laevorotatory), and most of them are 
colloids. One of the more interesting properties shown by some 
of the proteins is that of nudQxgomg coagulation (p. 572), a change 
which is readily brought about by heat ; but different proteins 
coagulate at somewhat different temperatures, varying roughly 
between 55° and 75°, and some are also coagulated by alcohol 
and by mineral acids. 

All proteins consist of carbon, hydrogen, oxygen, nitrogen, 
and sulphur, and some contain phospliorus as well, but the 
determination of the percentage composition of a protein is a 
very difficult task. As found in nature, all proteins contain 
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mineral matter, and consequently, on ignition, leave a small 
percentage of ash ; after the removal of these mineral components 
by repeated precipitation, dialysis, &e., or when their presence 
is allowed for, the percentage composition of the various proteins 
is found to vary within fairly wide limits, as shown by the 
following numbers : 


Carbon 50*0-55*0 per cent 

Hydrogen 6*9- 7*3 m 

Nitrogen 15*0-1 90 

Oxygen 19*0-24*0 n 

Sulphur 0*3- 2*4 ir 


Egg-albumin has been obtained free from mineral matter by 
dialysis and in a crystalline condition ; its composition is 0 = 51*48. 
H-6*76, N- 18*14, 0 = 22*66, S = 0*96 percent. 

The enipincal formula, calculated from the percentage com- 
position of egg-albumin, or from that of some other protein, 
conies out to something like Cj 4 gn 226 ^^ 60 ^ 44 ^» which requires 
C = 5T2, H = 6*6, N = 180, and 8 = 09 per cent,; as, however, 
a very slight error in the analytical results would make a very 
great dilFerenco in tlie empirical formula, that just given is only 
a rough approximation. 

The molecular weights of some of the proteins have been deter- 
mined by various methods, and from the concordant experimental 
results, it may now be inferred with some assurance, that the 
minimum value for tlie simpler proteins is at least 17,000, which 
is about fourteen times us great as that of the octadecapeptide 
synthesised by E. Fischer (p. 547). The molecular weights of 
the more complex substances are certainly very much higher than 
1 7,000, and some of them, it would seem, even exceed several 
millions. 

The proteins are classed into various groups, principally accord- 
ing to their physical properties. Those which are coagulated 
by heat (in the presence of mineral salts), for example, may be 
classed as (a) albumins or (6) globulins. The aldumim (egg-albumin, 
))Ioo(i-albiiinin) are soluble in water, and are not precipitated 
when their solutions are saturated wdth sodium chloride or 
magnesium sulphate. The glohiiUna (serum-globulin) are in- 
soluble in water, hut dissolve in dilute salt solutions, from which 
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they are precipitated when tlie solutions are saturated with 
magnesium sulphate. 

TJie pliospho-proteina (caseinogen, p. 576) contain phosphorus 
and have an acidic character, in consequence of which they 
dissolve in alkalis, giving solutions which do not coagulate when 
they are heated. 

Many other classes of proteins are distinguished. 

Closely related to the proteins are the complex degradation 
products {albu7no8e8, pnpepfonest peptones^ and polypeptides) 
which are successively formed when proteins are hydrolysed witli 
the aid of digestive enzymes (pepsin, trypsin, &c.) or chemical 
reagents ; the final products of hydrolysis, as already stated, are 
complex mixtures of various amino-acids (p. 543). 

Tests for Proteins . — All proteins are coloured red by a hot solution 
of mercuric nitrate containing traces of nitrous acid. This reagent 
{MiUon's reagent) is prepared by dissolving one part by weiglit of 
mercury in two parts of strong nitric acid and diluting tiie solution 
with twice its volume of water; after some time the supernatant liquid 
is decanted. 

When a protein is warmed with nitric acid, it gives a yellow colour, 
which becomes bright-orange on the addition of ammonia. Tiiis re- 
action [xanthoproteic reaction) is stated to he the most delicate test for 
proteins. When an excess of potash is added to a protein, and then 
a few drops of copper sulphate solution, a red to violet colouration is 
produced ; this test is called the biuret reaction^ because it resembles the 
colour-reaction obtained in a similar manner with biuret (p. 240). 

When a protein, or one of its degradation products (see above), is 
warmed with an aqueous solution of triketohydrindeiie hydrate 
(ninhydrin, p. 491), it gives a deep-blue colouration (compare amino- 
acids, p. 544). 

Hsemoglobin is the name given to the protein which constitutes 
the pigment of tlie red blood-corpuscles. ‘It exists in the blood 
in two conditions ; in arterial blood, it is loosely combined with 
oxygen, and is called oxylicefrioglohm j the other condition is the 
deoxygenated or reduced ha 3 moglo})in (often simply called hwnio- 
gloMn)y which occurs in venotis blood — that is, the blood which 
is returning to the heart, after it has supplied the tissues with 
oxygen. Hsemoglobin is thus the oxygen-carrier of the body, and 
it may be called a respiratory pigment.’^ 

Oxylminoglohin can be obtained by mixing defibrinated bloml with 


Org. 


^ Halliburton, Chemical Physiology, 

38 
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Halt solution (I aoI. of saturated salt solution to 9 vols. of water), wbieli 
preci{>itriU‘H tlio blood cm pusclcs. These me washed with salt watei 
of tlio .same stren^^th, mixed with a little water, and extracted with 
ether, wliicli removes cholesterol, Ac., all these operations being con- 
ducted a.s nearly as jxrssible at O’". The aqueous solution is then filtered, 
and the fiUiate is niived with one-fourth of its volume of alcohol, and 
co(dod to - iO" ; the crystals of oxyhaunoglobin which separate may 
he purified by recrystallisation from ice-cold aqueous alcoliol. 

Oxyhaemoglobin forms light-red rhombic prisms, which dissolve 
readily in water and are re precipitated by alcohol. Its percentage 
composition is nearly the same a.s that of egg-alburnin (p. 574), 
except tl)at oxyhaBmoglobin always contains 0*33 per cent, of iron ; 
on the assumption that one molecule of Ineinoglobin contains one 
atom of iron, the calculated molecular weight would be about 
17,000, but there is evidence that this value is far too low. 
When oxyhgemoglobin, in aqueous solution, is placed under 
greatly reduced pressure, or treated with weak reducing agents, 
it loses oxygen and is converted into ha'moglohin, a substance 
which has also been obtained in a crystalline form ; on the other 
liand, iueinoglohin, in aqueous solution, is rapidly converted into 
oxylijemoglohin in contact with the air. When carbon monoxide 
is led into a solution of oxyhjernoglobiii, the last-named substance 
loses its oxygen and combines with the cai])on monoxide to form 
earhonic oxide hcemogloldn, a compound which forms bluish-red 
crystals. This compound is not capable of absorbing and giving 
u|.) oxygen as is haemoglobin — a fact which explains the very 
poisonous action of carbon monoxide. Oxyhsemoglohin, hsemo- 
glohin, and carbonic oxide haemoglobin all show characteristic 
absorption spectra, which allow of their being easily identified 
and distinguislied from one another. 

Haemin and Hsematein. — When oxy haemoglobin or dried blood 
is heated with a drop of acetic acid and a small crystal of common 
salt on a microscopic slide, it is decomposed into a protein and 
hmnin^ C 33 H 3204 N^FeCl, the cliloride of haeniatein, which separates 
in reddish-brown crystals, when the mixture is cooled. When 
these crystals are treated with alkali, brownish-red flocks of 
hmmatoin, 03311.^2^^4^4^6 ‘OH, separate ; and this formation of 
haemin and haematein serves as a very delicate test for blood. 

Caseinogen (rasein) is an important i)rotein, which is contained 
ill milk, probably in the form of a soluble calcium salt. When 
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milk turns sour, as the result of lactic fcniK'nlation (}». 157), or 
is treated with an acid, the calcium salt is decomposed and 
impure caseinogeri is precipitated as a curd, together with some 
of the fat, while the milk-sugar (lactose) remains in the aqueous 
solution (whey). The caseinogen may he purilied by dissolving 
it in very dilute alkali and reprecipitating it with very dilute 
acetic acid. 

Rennet, an aqueous extract prepared from tlie stomach of the 
calf, also has the property of curdling milk, and is used for this 
purpose in the manufacture of cheese. 

The curd in this case is diftereiit from that obtained ^\ith acids and 
is regarded as the insoluble calcium salt of a decom]>().sition product 
of caseinogen, called casting which is produced from caseinogen, in the 
presence of calcium salts, hy an enzyme, renmuy contained in Llie 
rennet. 

Caseinogen has an acidic character and dissolves in dilute 
alkalis; it contains about 0‘85 per cent, of phosphorus, hut other- 
wise resembles albumin and other proteins in composition. On 
hydrolysis casein gives all tlie amino-acids previously described, 
and its molecule must be of great complexity. 

Chlorophyll is the green colouring matter of plants ; it may 
he extracted from dried leaves with the aid of 90 per cent, 
aqueous alcohol, and tlius obtained as a green, amorphous mass. 
This product is a mixture of two nearly related compounds, 
distinguislied as chlorophyll a, C^^H^-gO^'N^Mg, and cljloropliyll 
5, C 55 HY 0 O^N 4 Mg, respectively ; it is noteworthy that magnesium 
is an essential constituent of these substances. Yery considerable 
progress has been made in the determination of the structures of 
the chlorophylls, largely as the result of Willstiitter’s work, and 
it is known that both heemoglobin and chlorophyll give pyrrole 
derivatives (p. 521) as degradation products. 

Chlorophyll, like heemoglobin, shows a characteristic absorption 
spectrum, and the absorption spectra and other properties of 
certain chlorophyll derivatives are almost identical with those of 
certain derivatives of haemoglobin. As the function of haemo- 
globin is to absorb oxygen, that of chlorophyll to set free oxygen 
from carbonic acid, this close relationship between the two com- 
pounds is of great physiological interest. 

Qelatin is a substance closely related to the proteins ; it may 
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be obtained by the action of dilute acids on the protein, collagen^ 
whicli is contained in Avliito librous connective tissue. 

It may be prepared by digesting bones, first witli dilute acids to 
remove inorganic matter, and then with water under pressure at 110- 
120°; when the filtered solution is evaporated, commercial gelatin is 
obtained. 

Gelatin is a hard, almost transparent, horn-like substance, 
which is insoluble in alcohol, ether, and in cold water, but 
dissolves readily in hot water, yielding a solution which sets 
to a jelly {gelatinUet>) as it cools. When, however, the aqueous 
solution is boiled during some hours, the property of gelatinising 
is entirely lost. Gelatin forms an insoluble compound with 
tannic acid, and the process of tanning consists partly in convert- 
ing the gelatin in the hides into this hard, insoluble compound, 
by steeping them in tannic aci<l solution. Gelatin is also rendered 
insolulde in water when it is treated with formaldehyde. When 
heated with dilute sulphuric acid, gelatin breaks down, much 
in the same way as do the proteins, yielding glycine, hydroxy- 
proline, proline, alanine, leucine, and many other amino-acids. 


CHAPTER XL. 

DYES AND THEIR APPLICATION, 

Although most organic compounds are colourles.s, some, especi- 
ally certain classes of the aromatic series, are intensely coloured 
substances, amongst which representatives of almost every shade 
occur ; nearly all the principal dyes used at the present day, in 
fact, are aromatic compounds, the primary source of which is 
coal-tar — hence the well-known expression ‘ coal-tar colours.^ The 
first of such dyes, mauve or mauveiney discovered by Perkin (in 
1856) was obtained by the oxidation of crude aniline; for this 
reason those subsequently prepared from other coal-tar com- 
ponents were also called ‘ aniline dyes.* 

That a dye must give rise to colour is, of course, obvious, but a 
coloured sub.stance is not necessarily a dye, in the ordinary sense 
of the word, unless it is also capable of fixing itself, or of being 
fixed, on the fabric to he dyed, in such a way that the colour is 
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not removed when the fabric is rubl)ed, or washed with water j 
azobenzene (p. 410), for example, is coloured, but it would not 
be spoken of as a dye, because it does not fulfil the second 
condition. 

Again, when a piece of silk or wool is soaked in a solution of 
picric acid, it is dyed yellow, and the colour is retained when the 
material is washed with water. When, however, a piece of raJico 
or other cotton material is treated in the same way, the picric acid 
is dissolved out again by the water and the fabric is not dyed. 
A given substance, therefore, may be a dye for certain materials, 
but not for others ; silk and wool are dyed by picric acid, but 
cotton is not — a behaviour which is repeatedly met with in the 
case of other colouring matters. 

Now, materials such as wool, cotton, silk, rayon, &c., consist of 
minute hollow or solid fibres, the walls of which, like parchment 
pa])er and certain membranes, allow of the passage of water and 
of dissolved crystalloids by diffusion, but not that of colloid 
substances, or, of course, of matter in coarse suspension. If, there- 
fore, picric acid were present in a fibre, as picric acid, it should be 
extracted from this fibre by water; since, in the case of silk and 
wool, this does not occur, it may be assumed that the picric acid 
has actually combined with some substance in the fibre, and has 
thus been converted into a yellow compound, which is insoluble 
in water. 

The nature of the insoluble products which are thus formed when 
a material is dyed, is not known, but there are reasons for suppos- 
ing that certain components of the fibre unite with the dye to 
form an insoluble salt. This seems probable from the fact that 
nearly all dyes, which thus fix themselves directly on the fabric, 
are either basic, acidic, or amphoteric in character. Azohenzene, 
as already mentioned, is not a dye, probably because it is a neutral 
substance ; if, however, some group, such as an amino-, alkylamino-, 
or hydroxyl-group, which possesses basic. or acidic properties, is 
introduced into the molecule of azobenzone, tlien the resulting 
derivative is a dye, probably because it has the property of 
combining directly with the components of certain fibres. 

Another fact which leads to the same conclusion may he given. 
Certain dyes — as, for example, rosaniline — are salts of bases, which 
are themselves colourless, and yet some materials may be dyed 
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simply by immersion in the colourless solutions of these bases, 
the same colour being obtained as with tlie coloured salt (that is, 
the dye itself) ; this can be easily explained on the assumption 
that some component of the fibre combines with the colourless 
base, forming with it a salt of the same colour as the dye. Some 
fibres, especially tliose of silk and wool, seem to contain both 
acidic and basic components, as they are often dyed directly botli 
by basic and by acidic dyes ; cotton (cellulose), on the other 
Imnd, which is free from salt-forming components, does not com- 
bine with either type of dye except in rare cases. 

In spite of facts such as these, the cliemical theory of dyeing 
does not account for the phenomena in all cases. 

Since the fixing of a dye wdthin the fibre is probably the result 
of the conversion of the dye into some insoluble compound, it 
seems reasonable to sup[) 0 se that, even if a colouring matter does 
not combine with any component of the fibre, it might still be 
employed as a dye, provided that, after it had once jiassed into 
the substance of tlie lihre, it could be there converted into some 
insoluble product ; this principle is applied in the case of many 
dyes, and tlie com])ounds used to fix them in the fibre are termed 
ivonUinls. 

Dyes, therefore, may be rouglily divided into two classes with 
respect to their behaviour towards a fabric : (a) Direct or 

suhstantive dyes, which fix themselves on the fabric, and (h) 
Tmh'rect or adjective dyes, which do so only with the aid of a 
mordant. The.se terms are merely relative; a dye may be direct 
with res})ect to wool and silk, imlirect with respect to cotton, a 
general behaviour, illustrated above (p. 579) in the case of picric 
acid. 

Mordants are substances which (usually after having undergone 
some preliminary change) combine Avitb dyes, forming insoluble 
coloured compounds ; tlie colour of the dyed fabric, in snch cases, 
depends on that of the compound thus produced, and not on that 
of the dye itself, so that by using different mordants, different 
shades or colours are often obtained. 

As an example of dyes of ^ the second class, alizarin may be 
taken, as its applications illustrate very clearly the use of 
mordants. 

When a piece of calico is soaked in an aqueous solution of 
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alizarin, it is coloured yellow^ but the colour is not fixed, and 
is easily removed with the aid of soaj) and water. Wiien, how- 
ever, a piece of calico, which has been previously mordanted with 
a suitable aluminium salt (in the manner described below), is 
treated in the same way, it is dyed a fast the alizarin having 
combined with aluminium hydroxide in the fibre to form a red 
insoluble substance ; if the calico bad been mordanted with a 
ferric salt, it would have been dyed a fast darlc violet. 

A substance such as alizarin, which can thus be used for the 
production of difierent colours, is termed a polyyenetic dye ; one 
which gives one colour only, is a nionogeneiic dye. 

Compounds very frequently employed as mordants are certain 
inorganic salts of iron, aluminium, chromium (alums), and tin, 
and also organic salts, such as the acetates and thiocyanates, from 
which an insoluble metallic hydroxide or basic salt can be easily 
obtained by hydrolysis with water. 

The process of mordanting cotton involves two o])erations : 
firstly, the fabric is passed through, or soaked in, a solution of the 
mordant, in order that its fibres may become impregnated with 
the metallic salt ; secondly, the fabric is treated in such a way 
that the salt is decomposed w'ithiri the fibres, and there converted 
into some insoluble compound. 

The second operation, the fixing of the mordant, so that it will 
not be waslied out when the falmc is brought into tlie dye-bath, 
is accomplished in many ways. One method is to )>ass the 
mordanted material through a solution of some weak alkali 
(ammonia, sodium carbonate, lime), or of some salt, such as sodium 
phosphate or arsenate, which reacts with the metallic salt in the 
fibre, forming an insoluble metallic hydroxide, or a jdiospbate, 
arsenate, <fec. Another method, applicable in the case of mordants 
which are salts of volatile acidic, consists in exposing the treated 
fabric to the action of steam, at a suitable temperature ; under 
these conditions the metallic salt is hydrolysed, the acid volatilises 
with the steam, and an insoluble hydroxide or basic salt remains 
in the fibre (compare p. 153). 

In the case of silk and woollen fabrics, the operations of 
mordanting and fixing the mordant are commonly carried out 
simultaneously, by merely soaking the materials in a boiling dilute 
solution of the mordant ; under these conditions the metallic salt 
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is liydrolysecl in tlie fibre, and the product is there retained in an 
insoluble form ; silk is sometimes merely soaked in a cold, con- 
centrated solution of the mordant, and then washed with water to 
cause the hydrolysis of the metallic salt. 

In cases where only parts of the fabric are to be dyed, as, for 
example, in calico- pr hit Ing, a solution of a suitable mordant may 
be mixed with the dye, and with some thickening substance, such 
as starch, dextrin, gum, <fec., and printed on the fabric in the 
required manner, the thickening being used to prevent the mor- 
dant and dye from spreading to other parts ; the material is then 
submitted to a steaming process, when the metallic liydroxide, 
which is produced within the fibre, combines with and fixes the 
dye. 

All these processes are identical in principle, the object being 
to deposit within the fibre some insoluble compound, whicb, when 
afterwards treated with a solution of a suitable dye, forms a 
coloured substance, stable in the liglit and towards soap and 
water. The coloured substances produced by the combination of 
a dye with a metallic hydroxide are termed lalms^ and those dyes 
which form lakes belong to the class of acid dyes. 

Tarmin (p. 473) is an example of a different class of mordants 
— namely, of those which are employed with basic dyes, such 
as malachite green (p. 585) and rosaniline (p. 588). The fabric 
is mordanted by being passed first through a solution of tannin, 
and then through a weak solution of tartar emetic, or stannic 
chloride ; the tannin is thu.s converted into an insoluble antimony 
or tin tannate, which converts the basic dye into an insoluble 
colloidal product, and thus fixes it in the fibres. 

Many organic dye-stuffs are transformed into colourless- com- 
pounds on reduction, and when the reduction product can he 
reconverted into the dye by oxidation, it is called a lettco- 
compound. 

When an insoluble dye yields a soluble leuco-com pound, which 
is very readily reconverted into the dye on oxidation, it may 
be applied to fabrics in a special manner, as, for example, in 
the case of indigo-blue. Indigo -blue, (p. 606), is 

insoluble in water, but on reduction it is converted into a leuco- 
oompound, known as indigo-wJiite, which is soluble 

in aqueous alkalis. In dyeing with indigo, an alkaline solution 
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of indigo -white is prepared by reducing indigo, suspended in 
water, with a suitable reagent, and the fabric is then passed 
tliroiigh this solution, whereon tlie indigo-white diffuses into the 
fibres tlirough their walls ; on subsequent exposure to the air, 
tlie indigo-white is reconverted into indigo-blue by oxidation, and 
the insoluble dye is thus fixed in the fabric. 

This is an example of tlie process of vaf-dyeing^ which has 
the very great advantage of not requiring any nior<lant. Another 
method of dyeing, of increasing importance, applicable in the case 
of azo-dyes, is the direct formation of an insoluble dye-stuff within 
the fibres, by the process of coupling, as described later (p. 599). 
In both these processes, since the dye-stuff is produced within the 
fibres, the presence of a particular basic or acidic group (p. 579) 
is unnecessary ; further, the coloured product may be a direct dye 
to all fibres. 

The molecules of nearly all intensely coloured substances con- 
tain at least one group of atoms, called a chrcyDwphore, to the 
presence of which the colour may be attributed. Thus, in the 
case of azobenzene, the chromophore is the azo-group, a 

change in this part of the molecule, such as that which occurs 
when azobenzene is converted into hydrazobenzene, destroys the 
colour, whereas a change in other parts of the molecule, such as 
the substitution of various groups for liydrogen atoms of the 
nucleus, merely modifies the colour. 

With few exceptions all hydrocarbons, and all aliphatic com- 
pounds, composed of carbon, hydrogen, and oxygen only, are colour- 
less, whereas certain relatively simple aromatic compounds, namely, 
the quinoneSy which also consist of these three elements, are dis- 
tinctly coloured, hut are converted into colourless diliydroxy- 
derivatives on reduction. These facts seem to show that the 
colour of quinones is determined by the presence in their molecules 
of carbonyl groups, >CO, associated with ethylenic linkages 
(compare p. 446), an arrangement which k summarised as a 
‘quinonoid structure^; the chromophore in such quinones, there- 
fore, is a particular type of di-olefinic closed-chain, in which two 
of the carbon atoms in the o- or p-position to one another 
are united to oxygen by two of their valencies. Molecules derived 
from the same type of closed-chain, hut containing groups such as 
>C=:NH2C1, >C-NlIMeCl, >C-NM 62 C 1 , in the place of one, 
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or of both, the carbonyl-radicals, are also classed as ‘quinonoid,’ 
and are nearly always highly coloured. That this particular type 
of structure, represented by one of the following symbols, 


It ii 

CU CH = C CH 

II II or 1 II 

CH OH CH 

/ 

II 

is tlie cause of colour in a large number of aromatic compounds, 
whicli do not contain the azo-chromophore, was suggested by 
Armstrong ; as a result of this suggestion, it was found that con- 
stitutional fornnilsB, which had been assigned to certain dye-stulFs, 
and which did not contain any recognised chromophore, could 
be changed into quinonoid structures, and thus brought into line 
with those of the simple quinones. Various examples of the 
application of the quinonoid theory are given later ; an apparently 
simple reaction, such as the loss of a molecule of water or of 
halogen acid, which brings about the transformation of a colour- 
less into a highly coloured compound, is interpreted as resulting 
in a complex change of structure, analogous to that by whicli 
quiiiol is converted into quinone (p. 447). 

A substance which contains a cliromopliore is called a chromogen^ 
and a group which increas(3s the intensity of the colour and is 
necessary, in many cases, to render an inert chroinogen capable 
of being used as a dye, is called an auxochroiiie. The amino-, 
alkylamino-, dialkylamino-, and hydroxyl-groups are the more 
important auxochromes. 

A few typical dyes are described in the following jiages ; so 
many of these compounds are known that even important groups 
liave been omitted, partly because of the complexity of their 
members, but principally because their desoription would not 
illustrate any neAV principle. 


\/ 

CH 


CH 

\c 


Derivatives of Triphenylmethane, 

Tripheuylmethane, CgH 5 *CH(CgH 5)2 (p. 370), is the parent hydro- 
carbon, from which various brilliant basic dyes, sucli as malachite 
green^ pararomniline, and romniline are obtained. 

The lenco-hase (p. 582), in all cases, is a p-amino-derivative of 
triphenylmethane ; that of malachite green, for example, is tetra- 
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mei}iyl-'^-<Haminotrip\eM\}lmetliane (l), wliicli, on oxidation, is con- 
verted into the colour-base, tetramethyl-'^ diwm.motriph^^ carh- 
inol (ii.), 


CeH,CH< 


C,H,-NMe, 

Cellj-NMea' 

(!•) 


C„H,-C(OH)< 


C,H,-NMe, 

CfiH.-NMe; 


(ri.) 


Both the leiico-hase and the colour-base are colourleti^, and the 
latter also yielils colourless, or only slightly coloured, salts, on 
treatment with rofd acids; when inarmed with acids, however, 
the colour-base gives highly coloured salts, which constitute the 
dye, the elements of water being eliminated. 


+ HCl C,3H,,N,C1 -f H/). 

Malachite Green Base, Chloride of Malacliite Green. 


This conversion of the colourless into the coloured vsalt inny 
be regarded as a (ioinplex cliange, analogous to that hy wliicli 


colourless quinol is transformed 
(p, 447), and may be represented 



Hydrochloride of Colour-base. 


into highly coloured cpiinone 
in the following manner : 

(^.H.-CCJT/NMca 

/K 

CH CH 
II (I 
CH CH 

\c/ 

II 

NMa.Cl 

Chloride of Malachite Green. 


Exactly similar clianges may be assumed to take jilace in the 
formation of the pararo.saniline and rosaniline dyes, which may 
also be represented by quinonoid «tructure8 (p. 587). 


Malachite green is manufactured by heating a mixture of 
beiizaldebydc (1 mol.) and dimetbylaniline (2 niols.) with bydro- 
cbloric acid, 


C,.H5CII0 


CA-NMe, 

CJIs'NMc., 


0«H, 


cn< 


CcIh'NiMc^ 

'C„n,NMe2 


+ H.,0. 


The colourless, crystalline leuco-lmse, tetramcthyl p-dianiinotri- 
phenylraethaiie, wlieii treated with lead dioxide and hydrocliloric 
acid, is oxidised to the (colourless) colour-base, tetramethyldi- 
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aminotriphenyl carbinol, which is converted into the dye by 
boiling it with an acid, sucli as oxalic acid. Commercial malachite 
green is (usually) the oxalate, 2C23H24N.2,3C2H2^4) which forms 
deep-green crystals, and is readily soluble in water. 

Malachite green dyes silk and wool directly an intense dark- 
bluish green, but cotton must first be mordanted with tannin and 
tartar emetic (p. 582), and then dyed in a bath gradually raised 
to 60". 

Laboratory Preparatio7i of Malachite Green. — Dimethylaniline (10 
parts) and benzaldehyde (4 parts) are heated with finely powdered, 
anhydrous zinc chloride (8 parts) in a porcelain basin on a water-bath, 
during 4 hours, the mixture being frequently stirred. The product is 
submitted to distillation in steam, to get rid of the unchanged dimetliyl- 
aniline, and the insoluble leuco-compound is then washed with water, 
dissolved in the minimum quantity of boiling alcohol, and the filtered 
solution left to crystallise over night. The deposit, mixed with further 
quantities of leuco-base, obtained by concentrating the filtrate, is washed 
with a little alcohol and dried. 

The leuc()-l>ase (lOg. )is dissolved in concentrated hydrochloric acid 
(14c.c.) and water (9(X)c.c.), with the addition of glacial acetic acid 
(4c.c.), and a paste of tlie theoretical quantity of finely divided lead 
peroxide ' with about 5 parts of water is rapidly stirred into tbe solution, 
cooled to 0®. A few minutes later the lead is precipitated with a solution 
of sodium sulphate, and the filtered liquid is treated with a concentrated 
solution of zinc chloride (10 g.) and finally with a saturated solution of 
sodium chloride, until the precipitation of the zinc double salt, 
3C2;iH25N2Cl,2ZnCl2,2H20, is practically complete. 

Many dyes, closely allied to malachite green, are prepared by con' 
densing berizaldebyde with other tertiary alkylanilines (p. 395). Brilliant 
green, for example, is finally obtained when diethylaniline is employed, 
instead of diniethylaniline, in the above -described process, whereas 
green is obtained from benzaldehyde and ethylbenzylaniline. Blue dyes 
are obtained by .substituting sulphonic- and I >ydroxy -radicals for 
hydrogen atoms of the phenyl-group in Brilliant green, whereas by dis- 
placing tlie plieriyl-group by sulphonated naphthalene nuclei, important 
green dyes, such as Naphthalene green V, are produced. 

Pararosauilim aiul rosanilim are important dyes, which, like 
malachite green, are derived from triphenylmethane. Whereas, 
however, malachite green is a derivative of c?tammo-tri phenyl- 
methane, the rosanilines are all fWamt/zo-triphenylmethane deriva- 
tives, as will be seen from the following formuloe : 

^ The quality of the lead peroxide is important and should be determined 
beforehand. 
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Triphenylmothaiie. 


NHjCeH.CH 


a«H,NH, 


Leuco-i>araroaaiiiline. 

Triaminotrij)lienylnietlia«e. 


Toryldiplienylrncthane 

(iMf'tliyltiij)lienylniethane). 

Leuco-rosaniline. 
'J’riarniiio to ly Id iphony 1 iiietJuiTi e. 


rarai’usanilirie Basa. 

• Trianiinotriphenyl OarbiiioL 




Koaaniline Uaafi. 
Trianiinotolyldijdienyl Oai bitiol. 


Pararosaiiiline Ohloridt). 


<:INH,;C„H3(CH,):C< 


Cell4NH, 


flosaiiilintt Chloridt*. 


Ill all these coin pounds the amino-groups are in the para^ 
positions to the methane carbon atom. 

Pararosaniline is derived from tnaininoirijyhenyl mrhinoly a 
base which is prepared by oxidising a mixture of p-toluidine 
(1 mol.) and aniline (2 mols.) with arsenic acid, or nitrolienzenc 
(compare rosaniline, p. 588), 

+ 2C,,H5NH., + 30 - 

2H,0. 

Probably the p-toluidine is first oxidised to p-aminobenzalde' 
hyde, which then condenses with the aniline 

(as in the case of the formation of leuco-malachite green) to form 
leuco-pararosaniline ; tliis compound is then oxidised to the 
pararosaniline colour-base, triaminotriphenyl carbinol, which is 
converted into the quinonoid dye by warming it witli acids (com- 
pare malachite green, p. 585), 


The salts of pararosaniline have a deep-magenta colour, and 
are soluble in warm water ; they dye silk, m^ooI, and cotton under 
the same conditions as described in the case of malachite green ; 
pararosaniline, however, is not so largely used as rosaniline. 

Constitidion of Pararosaniline. — Triphenylm ethane, with the 
aid of fuming nitric acid, is converted into trinitrotriphenylmethaney 
N 02 *CgH 4 -CH(C(.H 4 *N 02 ) 2 , a compound in which all the nitro- 
groups are in the p-positions to the methane carbon atom ; this 
nitro-coin pound, on reduction, yields leuco-pararosaniline, which, 
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on oxidation, is readily converted into the colour-base, trianiino- 
tri phenyl (•ar])inoJ. 

Rosaniline, fuchsine, or magenta, is a methyl-substitution 
product of pararosaniline, and the colour-base is produced by tlie 
oxidation of equal molecular proportions of aniline, o-toluidine, 
and p-toluidine (with nitrobenzene, arsenic acid, (^c.), the reaction 
being similar in all res[)ects to the formation of tlie pararosaniline 
base from aniline (2 mols.) and p-toluidine (1 mol.), 


0-T<>lni<lino. 

p-Toliiidiiin. Aniline. 


^ 211, 0 . 


Rosaniline Base. 


To the requisite mixture of aniline, o-toliiidiue, and p-toluidine (38 
parts), hydrochloric acid (20 parts), an<l nitrol)enzeiie (20 parts) are added, 
and the wliole is gradually heated to 190'", small quantities (2 per cent.) 
of irondilings being added from time to time (see below). At tlie end 
of about 8 hours the reaction is complete, and the powdered product 
is extracted with boiling water, under pressure; lastly, the liltcred 
extract is mixed with salt, and the crude fuchsine, whicli separates, is 
purified by recrystallisation. 

In this reaction the nitrobenzene acts only indirectly as tlie oxidising 
agent ; the ferrous chloride, produced by the action of the hydrochloric 
acid on the iron, is oxidised by the nitrobenzene to ferric chKnide, which 
in its turn oxidises the mixture of aniline and toluidines to rosa/iiiline, 
and is itself again reduced to ferrous chloride; the action, therefore, is 
continuous, and only a small quantity of iron is necessary. 

The salts of the rosaniline base with one equivalent of an 
acid, as, for example, the chloride, C.^QHgo^sCMHgO, form magni- 
ficent crystals, which sliow an intense green metallic lustre ; 
they dissolve in warm water, forming deep-red solutions, and 
dye silk, wool, and cotton a lirilliant magenta colour, the con- 
ditions of dyeing being the same as in the case of malachite 
green. These salts may be represented by quinonoid structures, 
as in the case of pararosaniline (p. 587). 


Denvatives of Pararosaniline and Rosaniline. 

The hydrogen atoms of the tliree amino-groups in pararos- 
aniline and rosaniline may be displaced by alkyl-groups, by 
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inellioils analogous to tliose used in the inamifjicture ol tlie alkyl- 
anilines (p. 395) ; alkyl' and aryl-derivatives of the two dyes 
may also be obtained in other ways (])elow). 

The substitution of methyl groups for hydrogen in the molec- 
ule of rosaniline, which is a brilliant red dye, brings about a 
change in colour — first to reddish-violet, and then to hliiiah- 
violet, as the number of alkyl-groups increases. 'This change is 
more marked when ethyl-groups are introduced, and still more 
so when benzyl- or phenyl-radicals are substituted for hydrogen ; 
in the latter case, pure blue dyes are produced (see ]>. 590). In 
fact, by varying the number and character of the substituents, 
almost any shade from red to blue can be obtained. 

Methyl violet appears to consist principally of the chloride 
of jM6/^/a/>ie/Ay/-i)ararosaniline. 

It is maun fac lured in very large quantities by wanning dimethyl- 
aniline with copper sulphate, sodium cldoride, phenol, and a little water 
during 6-8 hours ; atmospheric oxidation occurs ami formaldehyde is 
evolved, hut little is known of the other reactions which take jdace. 
The powdered product is extracted with, and then dis.-olved in, hydro- 
chloric aci<l, and cautiously treated with sodium snli)hide to piecipitate 
copper; the liltered solution is finally evaporated to dryness. 

It is readily soluble in alcoliol and hot water, forming beautiful 
violet solutions, wliicb dye vsilk, wool, and cotton under the same 
conditions as are employed in the case of malachite green (p. 58G). 
It is extensively used in tlie manufacture of copying inks, ribbons 
for type-writers, pencils, &c 

Crystal violet is the chloride of //e:raw6f7i//?-pararosaiiiline, and 
is manufactured by heating dimetliylaniline witli carbonyl chloride 
(phosgene) in the presence of anhydrous zinc cliloride. 

Tetramethyldiarninohenzophenone (Michlei's ketone) is first foiined, 
and then condenses with dimethylaniline, in the presence of zinc c hloride, 
giving the colour base of crystal violet, 

NMe2CcH4COC8H4NMe., + C«H5NMe2-HOC(C,H,NMe2)3. 

Colour- base of Crystal Violet. 

Its applications and properties are similar to those of methyl 
violet. 

When rosaniline is heated with aniline, in the presence of some 
acid, such as acetic, benzoic, or oxalic acid, phenyl-groups disjdace 
the hydrogen atoms of the amino-groups just as in the formation 
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of (liplieiiylainiue from aniline and aniline hydrochloride (p. 398), 
Here, as in the case of the alkyl-derivatives of rosaniliiie, the 
colour of the product depends on how many phenyl-groups have 
been introduced into the molecule ; the mono- and di-phenyl- 
derivatives are reddish-violet and bluish-violet respectively, where- 
as the triphenyl- compound is a pure blue dye, known as Aniline 
hlae. 

xC* H ‘NTT'C H 

Amline blue, (tri- 

phenyirosaniline chloride), is very sparingly soluble in water, and 
in dyeing with it, the operation has to be conducted in alcoholic 
solution. In order to get over this difficulty, the insoluble dye is 
treated with anhydrosulphuric acid, and thus converted into a 
mixture of sulplionic acids, the sodium salts of which are readily 
soluble, and come on the market under the names, ^Alkali blue, 

‘ Water blue^^ &c. 

In dyeing silk and wool with these colouring matters, the 
material is first dipped into alkaline solutions of the salts, when 
a light-blue tint is obtained, and it is not until it has been im- 
mersed ill dilute acid (to liberate the sulphonic acid) that the true 
blue colour is developed. Cotton is dyed in the same way, but 
must first be mordanted with tannin. 


The tri-hydroxy-derivatives of triphenyl carbinol and of tolyldiphenyl 
carhinol, which correspond with the tri-amino-componnds described al»ove, 
may he obtained by treating the latter (the colour-bases of pararosaniliiie 
and of rosaniliiie) with nitrous acid, and then heating the solutions of 
the diazonium-salts. The products, aurm and rosolicacid respectively, 
correspond with the pararosaniline and rosaniline dyes in constitution : 


HOCeH4C 


V;,H.=o 


HOC,H,(CH,)-C 


/C,H.OH 

\C,H.=0 


Aurin. Rosolic Acid. 

They are of little use as dyes, owing to the difficulty of fixing them. 


The Phthaleins. 

The phthaleins, like malachite green and the rosanilines, are 
derivatives of tripheny I methane, inasmuch as they are substitution 
products of phthalophenone, a lactone (p. 263) formed from in* 
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phenylcarbinoho-rarhorylic by tlie loss of one inoleciile of 

water, 

= CO< W>c{C„H,), + H,0. 

Plithalophenone is prepared by treating a mixture of plitlialyl 
chloride (p. 458) and benzene with aluminium chloride, 

CO<^*y5^>CCl, + 2C«H,, = C0<^_«5^>G(G,,H,), + 2HG1. 

It crystallises in colourless needles, melts at 115*^, and dissolves 
in alkalis, yielding salts of triphenylcarbinol-o-carboxylic acid. 

Phenolphthalein, (dihydroxy plithalophenone), is pre* 

pared by heating phthalic anhydride (3 parts) with phenol (4 parts) 
and anhydrous zinc chloride (5 parts), at 115-120°, during about 
eight hours, 

C0<^«^^>(;0 + 2C,H5 OH = CO<: ‘'«H^>C(C,H/OH),+ HjO : 

the product is thoroughly extracted witli boiling w^ater (about 
75 parts) and recrystallised from aqueous alcohol. 

Phenolphthalein separates from alcohol in colourless crystals, 
and melts at about 250°; it dissolves in dilute alkalis, giving 
solutions which have a deep-pink colour, owing to the formation 
of coloured salts, but on the addition of acids (or of concentrated 
alkali) the colour vanishes, hence the use of phenolphthalein as 
an indicator. It is, ho\7ever, of no value as a dye. 

The conversion of colourless phenolphthalein into an intensely coloured 
salt may he ascribed to its transformation into a quinonoid compound, 
just as in the case of malachite green (p. 685), 

Co<W>c<C.H.-OH _ COON.C.H. WHK^H.,'^" - 

coon..c.h,-c<^-“-;;»%h.o. 


Xanthone Dei'ivatlves. 

From the urine of oxen, which have been fed on mango-leavesj 
there is obtained in India a yellow pigment {pinri^ Indian yellow) 
which is a magnesium salt of euxaniliic acid^ and which is de- 
composed by mineral acids, giving evxanthone and glucuronic acid^ 
Oig. 39 
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CHO’[CH*OIf]^*COOH, a derivative of glucose. Euxantlione is 
a (iihydroxyxanthoiie, and the parent substance of xaiithoiie is 
the compound xanthene : 



Xanthone (diplieno-y-pyrono) is formed vi^hen oo-dianiinoben/o- 
phenone is diazotised and the solution of tlie diazonium salt is 
heated, the oo-dihydroxybenzophenone, which is first formed, 
losing the elements of water ; it is also produced when a mixture 
of phenol and salicylic acid is heated with concentrated sulphuric 
acid. It crystallises in colourless needles, melting at 173°. 

Fluoresceins , — The fluoresceins are important dye-stuffs which 
are formed when phthalic anhydride is heated with m-dihydric 
phenols ; they are derived from f uoran, a compound forn)ed by 

G H 

the substitution of the complex, for the 

O'CyO 

group of xanthene, and are therefore closely related to the 
phthaleins, which are also derivatives of triphenylmethane, con- 
taining this lactone-complex. Their relationship to xanthene, 
xanthone, and fluoran is shown by the alternative structural 
formulse for fluorescein given below, 


HOi 


\/ 



O.H<co>'' 


HO| 


CvO 

I 

C8H4COOH 


of which tlie latter would accord better with the fact that 
fluorescein, unlike phenolphthalein, is itself coloured. 

Fluorescein, CgoHigO^, the simplest member of this group, is 
produced by heating phthalic anhydride with resorcinol, 


In this change, two hydrogen atoms of the two benzene nuclei 
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unite with the oxygen atom of one of the groii})S of tlie 

phthalic anhydride (as in the formation of phenol phthaleiii), 
and a molecule of water is also eliiiiiiiated from the hydroxyl- 
groups of the two resorcinol molecules. 

Phthalic anhydride(l mol.) and resorcinol ( *2 niols.) are heated together 
at 200“ until the mass becomes quite .solid ; the dark product is then 
thoroughly extracted with liot water, and reciystallised from aqueous 
alcohol. 

Fluorescein separates from alcohol in dark-red crystals; it 
is almost insoluble in water, but dissolves readily in alkalis, 
forming dark, reddish-brown solutions, which, when diluted, 
show a very marked yellowisli -green lliiorescence (hence tlie 
name, fluorescein). In the form of its sodium salt, 
fluorescein comes into the market as the dye, ^ uranin.^ Wool 
and silk are dyed yellow, and at the same time sliow a beautiful 
fluorescence, but the colours are faint, and soon fade ; hence 
fluorescein has a very limited application alone, and is generally 
mixed with other dyes in order to produce fluorescent effects. 
Some of the derivatives of fluorescein are very important dyes. 

Eosin, 02olIyOr,Hr^ (tetrabromofluorescein), is formed when 
fluorescein, suspended in alcohol, is treated with bromine, four 
atoms of liydrogen in the resorcinol nuclei being displaced. It 
separates from alcohol in red crystals, and is almost insoluble in 
water, but dissolves readily in alkalis, forming deep-red solutions, 
which, on dilution, exhibit a distinct green fluorescence, but 
not nearly to the same extent as solutions of fluorescein. 

Eosin, in the form of its potassium salt, CgohlcO^Br^K^ (a 
brownish powder), is much used for dyeing silk, wool, cotton, 
and especially paper, which is coloured witliout the aid of a 
mordant. Silk and wool are dyed with eosin directly, in a bath 
acidified with acetic acid ; but cotton must first be mordanted 
with tin, lead, or aluminium salts. The shades produced are 
a beautiful pink, and the materials also show a very noticeable 
fluorescence. 

Tetraiodojluoresceiny Cg^HgO^I^, is also a valuable dye. Its 
sodium salt, CaoHgOgl^Nag, is known as 'erythrosinJ 

Many other fluoresceins have been prepared by condensing 
substituted phthalic acids with other m-dihydric phenols, and 
then treating the products with bromine or iodine. 
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Rhodamines. -^V}len phthalic anhydride is condensed with 
di-alkyl-derivalives of m-aniiuo-phenols, tetra-alkyldiamino*sub- 
stitution products of fluoran are produced. The salts of these 
compounds are beautiful red to bluisli-violet basic dyes, which are 
strongly fluorescent; they may be represented by quinonoid struc- 
tures, such as the following, 




CtfH4COOII 


which correspond with tluKse assigned to the fluoresceins. 


Derwatives of Anthracene. 

Many derivatives of anthracene, in addition to alizarin (p. 498), 
are important dye-stutYs. 

h'rorn alizarin itself, and from its isomerides, various tri-, tetra-, 
t^:c , hydro xyaiithraquinones are prepared by oxidation with 
manganese dioxide and sulphuric acid. 

Alizarin Bordeaux R, for example, is \\2:b\S-tetrahydroxy- 
anlliraquinone, and with aluminium mordants it gives claret- 
coloured dyes. Alizarin cyanines, mixtures of penta- and Jiexa- 
hydrojcyanthraquinoneSj give violet-blue compounds in a similar 
manner. 

A different type of dye is obtained when a dihydroxy-, dinitro-, 
or dihalogen derivative of anthraquiilone is heated with boric 
acid and an aromatic amine, and the product is then sulphonated 
in order to convert it into a soluble acid dye. When, for 
example, qninizarin {\\A:-dihyd7'oxyanthraqumone) is thus con- 
densed with p-toluidine, both the hydroxy- are displaced by 
groups, and when sulphonated, the product gives 
Alizarin cyanine green G (i.) ; in a similar manner Anthra- 
Quinone violet (ii.) is obtained from l:5-8ubstitution products 
of anthraquinone : 



CO NHCfiHsMe'SOsH 


SOgHOeHsMeNH CO 
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Another type of anthracene dyes is obtained when a- or fS-uiiro- 
alizarin is heated with glycerol and concentrated sulphuric acid, 
v/liereby, just as in Bkraup’s reaction, a pyridine nucleus is 
generated ; the compound (i.) thus formed from a-nitroalizarin is 
Alizarin green, and that (ii.) from ^-nitroalizarin is Alizarin blue: 

CO OH CX^ OH 




These dyes arc used in conjunction with chromium mordants, 
but Alizarin blue can also be used as a vat dye (p. 583), and was, 
in fact, the first artificial vat dye to be prepared. 

Indanthrene blue E is obtained by heating /^-aminoanthra- 
quinone with caustic potash at about 250*^, two molecules of the 
iiTiiino-compound undergoing condensation, giving n molecule which 
contains 7 closed-chains. The product is a salt of the leuco-com- 
pound ; it is dissolved in wat^er, and air is passed through the 
solution in order to precipitate the indanthrene ; 


CO 



When indanthrene is reduced in alkaline solution it is con- 
verted into a soluble leuco-com pound (compare anthraquinone, 
p. 497), which is readily oxidised by atmospheric oxygen, giving 
an insoluble blue dye ; like indigo (p. 582) it can therefore be 
applied to fabrics as a vat dye. Several other indanthrene vat 
dyes, such as Algol blue K, the NN-dimethybsnbstitution product 
of indanthrene blue, are manufactured : they are characterised by 
their fastness to light. 
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Acridine Derivatives, 

Acridinei CjgHgN, occurs in coal-tar anthracene (p, 328), to 
which it is closely related in constitution. It is a colourless, 
crystalline, feebly basic compound, whicli melts at 110'^, and 8ul>- 
limes even at 100°; solutions of acridine or of its salts show a 
blue lluorescence. It behaves like a tertiary ])ase, and combines 
directly with methyl iodide, giving wethylacridoniuni iodide ; on 
oxidation with permanganate, it is converted into arridinic arid 
(qiii noline-2 :3-dicarboxy lie acid), just as quinoline is converted 
i]ito pyridine-2:3-dicarboxylic acid (p. 514), and on reduction it 
gives dihydroarrldine ; 



DiliydroacriditH^ Acrnline. Ac'-ndono. 


I)i hydroacridine can also be obtained by heating oo diammo^ 
diphenybnethanc with acids ; it is readily oxidised, giving acridine. 

Acridine can be directly syntliesised by heating diphenylamine 
Avith formic acid and zinc chloride, the N-forniyl derivative of tlie 
base undergoing an inner condensation, Avith the loss of the elements 
of water: this is a general reaction, since by using other acids, many 
alkyl or aryl substituted acridines can be obtained. 

2 :^-Diaminoaeridine sulphate (proflavine); a mixture of the hydro- 
chlorides of 2'.S-diaminoacridine and lO-methyl-'^'.S-diaminoacridon- 
ium chloride (acri flavine) ; and also a mixture of 2\^-diaminoacriddne 
hydrochloride and l0-methyl-2'.%-diaminoacridonium chloride (euflav- 
ine or acriflaviiie neutral), are all important antiseptics used in 
medicine and surgery. 

Acridone, CigHj^ON, can also be synthesised in various ways, 
as, for example, by heating phenylanthranilic acid {phenyl-o-amino- 
henzoic acid)^ with sulphuric acid at 100°; 

it melts at 354°, and towards methyl iodide behaves like a secondary 
base, giving l^-methylacridone. When strongly heated with zinc- 
dust, it is reduced to acridine. 

Dyes, derived from acridine, may be obtained by* condensing 
aldehydes with m-diamines, and oxidising the products with ferric 
chloride ; they usually show a marked green fluorescence. 
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Benzoflavin, for example, is formed wlieii m-ioluyUntdiamine^ 
C(jH3Me(NH2).^[2NIi2 — 2:4], is condensed with benzaldehyde, and 
the product (i.), formed with the loss of the elements of ammonia, 
is oxidised ; the structure of the oxidation product may be repre- 
sented by one of the quinonoid formulae, ii. or iii., and the dye 
is a salt of the base : 


NH 



CHPh 

( 1 .) 


N 


CH 




NHs 

Ha 


CPh 

(II.) 


NH 




NH 


CHj, 


CPh 

(m.) 




CHs 


Acridine yellow R is obtained in a similar manner, using 
formaldehyde in the place of benzaldehyde, whereas Acridine 
orange R is prepared from (Umefhyl-m-phcnylcnediayyiine and 
benzaldehyde. 


Azo-Dyes, 

The azo-dyes contain the chromophore, to each of the 

nitrogen atoms of which a benzene, naphthalene, or other benzenoid 
nucleus is directly united. Azobenzene, the simplest 

aromatic azo-compound, although coloured, is not a dye (compare 
p. 579) ; when, however, one or more hydrogen atoms of azobenzene 
are displaced by amino-, hydroxyl-, or sulphonic-groups (auxo- 
chromes, p. 584), the products, as, for example, aminoazobenzene, 
hydroxyazobenzene, CgIl 5 *N 2 ‘C(jH 4 0H, azo- 
benzenesul phonic acid, CgH^'Ng'CgHj’SOgH, are soluble in acids 
or in alkalis, and are yellow or brown dyes. 

Azo-dyes are usually prepared by the process of ‘coupling' 
(p. 410), namely, by treating a diazonium-salt with an amino- 
compound or with a phenol, 

CgH,-N2Cl + CgHg-JN'Me. = CgHgN2CgH,NiAIe2,HCl, 

Dimethylaniinoazobpinwin© Hydrochloride, 

CH^-CgH^N^Cl + CH.,C«H,NH., = 

CH3C8H4Nj,Cs1I,(CH3)NH2,HC1,> 

Aminoazotoluene Hydrochloride. 

CgHj-NjCl + CaHf/ONa - CoHf/Na-C^H^-OH + NaCI, 

Hydroxyazobenzene. 

^ In cases where a diazoamino^compound is first produced, an excess of the 
amino-compound is employed, and the mixture is gently warmed until the change 
into the aminoaao-compound is complete (compare p. 408). 



598 


Dyes and tneir Application. 


These equations sliow the formation of very simple azo-compounds 
only. Substituted diazonium-salts, not only of benzene, but of 
naphthalene and other aromatic hydrocarbons, may be coupled 
with substituted amino- and phenolic-derivatives of such hydro- 
carbons, with the production of many different basic or acidic 
(/w^/io-)azo-dyes. Further, when this dye is an amino-compound, 
it may be diazotised, and its diazoninrn-salt may then be coupled 
with another amino- or phenolic-derivative of benzene or naphth- 
alene ; the molecule of the compound thus formed contains two 
-Ng- groups, and is a dis-azo-dYQ^ of the type, 
wliere X represents any substituted benzenoid nucleus. By a 
repetition of such operations, and in other ways (p, 699) tris-azo- 
and tetrdki8-azo~^yQ% containing three and four -Ng- groups re- 
spectively, may be obtained, and theoretically such processes can 
be continued indefinitely. Since there are so many derivatives 
of benzene and of naphthalene, which can be coupled, it is not 
surprising that many tliousands of azo-dyes have been prepared ; 
theoretically, from the known intermediates, millions might be 
obtained. 

In all these reactions, the ~N 2 - group displaces hydrogen of the 
benzene nucleus from the p-position to one of the amino- or 
hydroxyl-groups; when the p-position is occupied, the -Ng- 
group displaces hydrogen from the o-position, b\jt not so readily ; 
when both p- and o-positions are occupied, no reaction occurs as 
a rule, but in some cases a carboxyl- radical in the p position is 
actually displaced by the -Xg- group. 1-Hydroxy- and 1 -amino- 
derivatives (a-derivatives) of napljtbalene couple in tlie 4-position, 
but when the 4- or the S-position is occupied, the -Ng- group 
displaces hydrogen from the 2-position. When the 2- and 4- 
positions are both occupied, there is no reaction. 2-Hydroxy- 
and 2-ainino-compounds (/^-derivatives) couple in the 1-position, 
and when this is occupied no reaction takes place as a rule. 

The technical operations involved in the production of azo-colours, 
as a rule, are very simple. In coupling diazonium-compounds with 
phenols and their derivatives, the amino-compound (1 mol.) is diazotised, 
and the solution of the diazonium-salt is then slowly run into the cold 
alkaline sohitioii of the phenol, or its sulphonic acid, care being taken 
to keep the solution slightly alkaline, otherwise interaction ceases, 
owing to the presence of liberated acid. In the case of amino-com- 
pounds, the aqueous solution of tlie diazonium salt is added to that 
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of the salt of the amino com pound (compare footnote, p. 697), in the 
presence of sodium acetate or formate ; in some cases, however, the 
reaction takes place in alcoholic solution only. 

The dye, having been precipitated with acid, alkali, or salt, if 
necessary, is separated in filter presses, dried, ground, and standardised. 

The process of coupling may be carried out within the fibres 
of a material, so that no mordant is required, even for cotton. 
When, for example, a piece of calico, which has been soaked in 
an alkaline solution of y3-naphthol and then wrung out, is dipped 
into a solution of diazotised p-riitroaniliiie, the insoluble dye, 
'P-nitroaniUne red (Para-red) is formed within the fibres (Ice-colour 
process). In another method the material is impregnated with 
an amino-compound, which is diazotised, and then coupled with 
tlie necessary substance to produce the desired dye (Ingrain dyes). 

When the amino-compound is only very sparingly soluble in water* 
it may be converted into a readily soluble derivative, from which it 
is easily regenerated within the fibres. 

Aininoazohenzene, for example, can be converted into a readily soluble 
sulphonic acid, C<}H„'N 2 *C 6 H 4 ’NH* 0 H 2 *SO 3 H ; when fibres, impregnated 
with this compound are warmed with dilute acids or alkalis, the re 
generated base is retained by the fibres and can he subsequently diazo- 
tised and coupled. 

Unstable side-chain sulphonic acids thus used, principally in dyeing 
cellulose acetate, are called ionaniines. 

Such development processes are also used on materials which 
have already been dped with some basic dye-stuff ; or tlie material 
is dyed with some azo-compound, which is afterwards treated with 
a solution of some diazonium-salt. By these methods, dis-, tris-, 
<Src. azo-dyes of high quality are formed ; some of the diazonium 
compounds required for such purposes are supplied to dyers in the 
form of soluble powders, which consist of ‘stabilised’ derivatives 

(p. 602). 

Acid azo-colours (hydroxy- and sul phonic-derivatives) are taken 
up by animal fibres directly from an acid bath, and are princip- 
ally employed in dyeing wool ; they can be fixed on cotton with 
the aid of mordants (tin and aluminium salts being generally 
employed), but, as a rule, only wdth difficulty ; some azo-dyes, 
notably those of the rongo-group (p. 603), dye cotton directly 
without a mordant. 

Basic azo-dyes are readily fixed on cotton which has been 
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mordanted with tannin, and are used in dyeing calico and other 
cotton goods. 

From the equations given above (p. 597) it might be concluded 
that the process of coupling is a simple doulde decomposition. 
It is probable, however, tliat an additive compound is first formed, 
and that the displacement of hydrogen of the nucleus by the 
-N.j- group is a secondary reaction ; further, the azo-compound 
thus formed may then undergo an isomeric change. The product 
of the interaction of phenyldiazonium chloride and ^-naplithol, 
for example, is insoluble in alkalis, and apparently, therefore, is 
not a phenol of the constitution, ; it is identical 

with tlie compound produced by the action of phenylhydrazine 
on ^-naphthaquinone, which presumably has the structure, 
C^.Fl5*NH*N:C^^)Hg:0, It must be concluded, therefore, tluit 
benzeneazonaphtbol passes into this hydrazone by an isomeric 
change. Similar transformations probably occur in the case of 
many (but not all) other azo-compounds, especially in those in 
which the -N^- group is in an o-position to a hydroxyl- or amino- 
group. 

Wlien azo-dyes are treated with reducing agents they are first 
converted into colourless, or only slightly coloured, hydrazo-com- 
pouuds, the chromophore, -Ng-, being transformed into -NH-NH-. 
More energetic treatment brings about further rednctioii and the 
-ISTH-NH- group is transformed into -NHg NHg-, so that the 
two beiizenoid nuclei of the azo-compound are no longer united 
and two (identical or) different amino-compounds are formed ; in 
the case of benzeneazonaphtliol, the final change may be ex- 
pressed by the equation 

CeH,N2CioH,OII -f- 4H - C.Hg-NHg -f- 
By identifying the products of reduction, the structure of the 
azo-dye would be determined. In the case of those containing 
two, three, or more -N 2 -~ groups, mixtures of three, four, or more 
amino-compounds would be obtained, and the identification of 
tliese reduction products might either establish the constitution 
of the dye, or at least show from what components it had been 
formed, but not necessarily the order in which they had been 
coupled. 

Ohrysoidine, C( 5 H 5 *Il 2 *C,^Hy(Nn 2 )o (diaminoazobenzene), is pro- 
duced by mixing molecular proportions of phenyldiazonium 
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chloride and m-phenylenediamine (p. 395 ) in aqueous solution. 
The hydrochloride crystallises in reddish needles, is luoderately 
soluble in water, and dyes silk and wool directly, and cotton 
mordanted with tannin, an orange-yellow colour. 

Bismarck brown is prepared by treating m-phenylenediamine 
hydrochloride with nitrous acid ; a part of the base is converted into 
a mono-diazonium-compouiid, which then couples with some un- 
changed base giving triaminoazobenzene,NHy-G(.H4-N2'CgH3(NH2)2, 
but at the same time, there is formed a tetra-azoniuin-salt, which 
reacts in a similar manner with two molecules of the diamine, 
giving a ^/'/.‘f-azo-compound, (NH2)2C<.H3* 

The dye is a mixture of these two substances. 

The hydrochloride is a dark-brown powder, and is largely used 
in dyeing cotton (mordanted) and leather a dark brown. 

Helianthin (dimethylaminoazobenzenesuli)honic acid) is pre- 
pared by mixing aqueous solutions of diazotised sulphanilic acid 
and dimethylaniline hydrochloride, 

SO3H Cfi H4 N,/OH + C^H 5 NMe^ = SO3H 4 -Ng N Me^ -f H/J. 

Sulphanilic acid (2 niols. }is dissolved in a solution of sodium carbonate 
(1 mol.), sodium nitrite (2mol8.) is added, and tlie mixture is cooled to 
about 5 ®. Hydrochloric acid (2 mols.) is run in slowly (from a burette), 
and then a solution of dimethylaniline (2 mols.) in the theoretical 
quantity of dilute (l: 3 )hydrochloric acid. The sulphonic derivative of 
the jizo-compound is then treated with a slight excess of caustic alkali, 
and after a short time the sodium salt is separated hy filtration and 
recrystallised from boiling water. Starting with o g. of sulphanilic 
acid, the volume of the final alkaline solution should he 8()-100c.c. 

The sodium salt {jnethylorange) forms orange-yellow crystals, 
and its yellow aqueous solution is coloured red on the addition of 
acids, owing to the formation of a salt with the acid ; hence Its 
use as an indicator. It is seldom employed as a dye, on account 
of its sensibility to traces of acid. 

Eesorcin yellow (Tropmolin O) is prepared by diazotising 
sulphanilic acid and coupling it with resorcinol, ami has the 
constitution, SO3H*CgH4*N2*C0Hg(OH)2. Its sodium salt is a 
moderately brilliant orange-yellow dye, and is not readily acted on 
by acids ; it is chiefly employed, mixed with other dyes of similar 
constitution, in the production of olive-greens, maroons, &c. 

By using various other benzene derivatives, and coupling 
them, as in the above examples, yellow and brown dyes of almost 
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any desired shade can be o})tained ; in order, however, to produce 
a red azo-dye, a compound coutuining at least one naphthalene 
nucleus must be prepared. The dyes thus obtained give various 
shades of reddish-brown or scarlet, and are known collectively as 
‘ Ponceaux ' or ‘ Bordeaux,^ 

When, for example, xylyldiazonium chloride is combined with 
/3-naphtholdisulphonic acid, a scarlet dye (Scarlet E) of the 
composition, CgHglyle./N2*l'^()H^(SC)3H)y*OIl, is formed; another 
scarlet dye (Ponceau 3E) is produced by the interaction of pseudo- 
cumyldiazonium cliloride and /^-napbtholdisulphonic acid, and has 
the composition, CjJl2Meg-N2 Ci(^H4(8()gTI)2’OH. 

Paranitroaniline red, N()2*C^H4*N2 C^()Hg OH, is an important 
azo-dye, which is applied to cotton fabrics in the maimer already 
described (p. 699); the ‘stabilised^ diazonium-derivative required 
in this operation is sold under the name of ^nitrosandne red,^ and 
is not an ordinary diazonium-salt, but a sodium derivative, 
i\02*C6H4‘JSr2-0Na or N02 CgH4-NNa-N0, wljich, when treated 
with acids, is converted into p-nitroplienyidiazonium-salts. 

Rocellin, SOgH'CioH^'Ng'CjoH^j’OH, a compound produced by 
coupling ^-naphthol with the diazonium-cornpound of iiaphthionic 
acid (p. 486), may be mentioned as an example of an azo-dye 
containing two naphthalene nuclei. It gives beautiful red shades, 
very similar to those obtained with the natural dye, cochineal, 
which rocellin and various allied azo-colours have, in fact, almost 
superseded. 

Z)/8-a;jo-dyes may be prepared in various ways. (1) An amino- 
azo-compound may be diazotised and coupled with one molecule 
of an amino- or phenolic-derivative ; aminoazobenzenedisuJphonic 
acid, for example, diazotised and coupled with ^-naphthol, gives 

Biebrich scarlet, 

S 03 H-CoH 4 K 2 -C,Hg(S 03 H)N 2 *CioH«*OH. 

(2) A phenolic or amino-compound may be coupled with two 
molecules of the same or of different diazonium salts ; resorcinol, 
treated in this way with diazosulphanilic acid and with xylyl- 
diazonium chloride, gives Resorcin brown, 

S03H*CeH4-I^2*C6H2(0H)2-N2-CeHsMe2. 

(3) A diamino-compound sucli as m-phenylediamine (p. 395) 
or l;5-diamiiionaphthalene may be tetrazotised (converted into 
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a bis-diazonium or tetra azoniimi-salt) atid coupled with two 
molecules of the same or of different benzenoid nuclei. 

Many important dyes are prepared by this last method from 
benzidine (p. 411) and substitution products of this base, such as 
toUdine^ dianuidlne^ diphenetidine^^ and since tlie tetrazo-deriva- 
tives react readily with one molecule, and only slowly with a 
second molecule, of the amino- or phenolic- compound, it is rela- 
tively easy to prepare many dis-azo dyes, A-No‘CJI.j-Cj;TT 4 'N 2 'l>, 
in which A and li represent the same or different, substituted 
aromatic nuclei ; similarly in the case of substitution products 
of tetrazotised benzidine. 

The first dye thus obtained from benzidine was Couffo red^ and 
the compounds of this group, of which some hundreds are known, 
are classed as dyes of the Congo group ; they are direct dyes to 
(unmordanted) cotton, and were the first dyes, having this im- 
portant property, to be discovered. They are much used in the 
dyeing of wood, paper, leather, &c., as well as for fabrics. 

Congo red, produced by coupling diphenyltetra-azoiiium chloride 
with naphthionic acid (p. 486) is one of the important (*om[)OJind8 
of this class. Its sodium salt, 


S 03 Na*(NH 2 )CioH 6 iN:N-(yT 4 -C^H 4 -A' :N:CioH r,(N H .) 'SOgNa, 
is a scarlet powder, which on the addition of acids turns blue, 
owing to the formation of a salt with the acid. 

Tolidine, and to a greater extent dianisidine, give rise to bluer 
shades of red than does benzidine, with iiaphthionic acid, and 
when the tetrazotised bases are coupled with phenolic instead of 
with araino-sulphonic acids, blue, instead of red dye-stuffs are 
obtained, as will be seen from the following table : 


Name of Dye. Tetrazotised Base. 

Congo red Benzidine 

(scarlet) 

Beiizopnrpurin 4B Tolidine 

(blue red) 


Coiiipound, or Compounds, coupled 
with the Tetrazotised Base. 

f Naphthionic acid. 
iNaphthionic acid. 

f Naphthionic acid. 
INapbtluonic acid. 


1 ToUMne, NHa-MeCeHs'CaHaMe-NHs, dianisidine [dimethoxyhenzidine), and 
dipkenetidine, NH, •(OEt)CeH4‘C6HJOEt!)’NH2, are produced from o lutro- 
tolueno, Q-nitroanisote^ and o-nitrophenetole respectively, by reactions similar to 
those by which benzidine is produced from nitrobenzene ; when their salts arc 
treated with nitrous acid, they yield tetra-azoniuin-oompounds, just as benzidine 
gives salts of diphenyltetra-azonium hydroxide. 
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Name of Pye. 

Tetrazolised Base. 

Compound, or Compounds, coupled 
with the Tetrazotised Base. 

Benzopuii)uiiii lOB Dianisidino 

(blue red) 

f Naphthionic acid. 
INaphthionic acid. 

Congo corintli B 

(violet) 

Tolidine 

/Naphthionic acid. 

1 a-Naphtholsulphoiiic acid. 

Azo blue 
(blue violet) 

Tolidine 

/ a-Naphtholsulphonic acid. 

1 a- Nap htholsul phonic acid. 

Ben zoazu line G 

(pure blue) 

Dianisidine 

( a-NaphthoIsulphonic acid. 

\ a-Naphtholsulphonic acid. 


Varioufi Colouring 

Matters, 


Naphthol yellow, (2;4-diuitro-iiaphthol), is 

obtained by the action of nitric acid on a-napbtholinono- or di- 
sulphonic acid, the sulphonic group or groups being displaced 
during nitration. The dye is the sodium salt, CioH5(NO,)2-ONa; 
it is readily soluble in water, and dyes silk and wool directly an 
intense golden yellow. 

When a-naplitholtrisulphonic acid is nitrated, only two of the 
sulphonic groups are eliminated, and the resulting substance, 
Ci()H 4(N02)2(0I1)'S0 .jH, is the sulphonic acid of naphthol yellow. 
Tliis dye is called Naphthol yellow S, and is used in the form 
of its potassium salt, CiqH 4(N02)2(0K)’S03K, which gives yellow 
shades, faster to light than those of naphthol yellow. 

Tlie fact that these aiul some other nitrophenols, such as o-nitrophenol 
and picric acid, are coloured, whereas triiiitrobenzene and trinitrotoluene, 
for example, are colourless, can be explained by assuming that the 
coloured compounds are quinonoid in structure, as the result of isomeric^ 
change ; there is independent evidence in favour of such a view. 


Mauveine, C27H24N4,HC1 {mauve), is of historical interest 
(p. 578) and was first obtained by oxidising a salt of commercial 
aniline (containing toluidine) with potassium dichromate; from 
pure aniline, Perkin pseudomauveine, C24HjgN4,HCl, which 

is now known to be a quinone-imine dye-stuff of the constitution, 

N 




HPhN 




and of which mauveine is a trimethyl-derivative. 


These com- 
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pounds were at one time used for colouring penny stamps, but are 
no longer of any practical importance. 

Aniline black is a highly complex insoluble compound, which 
is produced when an aniline salt is oxidised with potassium 
dichromate and an acid ; the presence of traces of copper or 
vanadium salts, or of ferrocyanide, hastens the oxidation, wljich 
may even be brought about with atmosplieric oxygen in ilie 
presence of a trace of p-phenylenediamine, as well as that of a 
copper salt. On oxidation with potassium dichromate and sulph- 
uric acid, aniline black gives quinoiie (p. 445), and its molecule 
probably consists of aniline residuee, which have combined with the 
loss of hydrogen, forming chains of quinonoid complexes. Aniline 
black is an important fast black dye, especially for cotton, and 
being insoluble, it must be produced within the fibres of the 
material. 

Methylene blue, was first prepared by the 

oxidation of dimethyl-p-phenylenediamine (p. 397) with ferric 
chloride, in the presence of hydrogen sulphide. 


Nitrosodimethylaiiiline (p. 397) is reduced in strongly acid solution 
with zinc-dust, or with hydrogen sulphide, and the solution of dimethyl- 
p-phenylenediamine, thus obtained, is treated with ferric cliloride in 
the presence of excess of liydrogen snlpliide. The intensely blue solu- 
tion, thus produced, is mixed with salt and zinc chloride, which pre- 
cipitate the colouring matter as a zinc double salt. 


Methylene blue is readily soluble in water, and is a valuable 
cotton-blue, as it dyes cotton, mordanted with tannin and tartar 
emetic, a beautiful blue, which is very fast to light and soap; 
it is not much used in dyeing silk or wool, but it is extensively 
employed in staining biological preparations. 

The structure of methylene blue (as the chloride) is expressed by 
the following quinone-imiiie formula, which corresponds with that 
assigned to pseudomauveine : 


^\A 




SCI 


iNMe« 


Primuline is a mixture of two or more compounds manufactured 
by heating p-toluidine with sulphur and then sulphonating the 
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product. I'lie first changes which occur lead to the formation of 
deh yd roth wtohdd ine, 

2CR,-C,,H„-NH2 + 4S = + 3HjS, 

which then reacts with another molecule of p-tohiidine and 4 
atoms of sulphur, as before, to form his-dehydrofMotoliiidine^ 

and more complex compounds; the mixture is then sulphonated, 
the -SOgH group displacing hydrogen from the NHg’CgH^- com- 
plex. The sodium salts of the sulphonic acids dye cotton directly 
a greenish-yellow colour, and are of little importance ; but when 
the dyed fabric is afterwards treated with nitrous acid, and the 
resulting diazonium-salts are coupled with various phenolic com- 
pounds, yellow, orange, red, &c., ingrain azo-dyes (p. 599) are 
obtained. 

Diazotised primuline is decomposed by light ; when an impregnated 
material is exposed under a negative and ilien ‘ developed ’ with a phenol, 
the depth of colour due to the formation of an azo-compound will vaiy 
according to the extent to which <lecom position has occurred. 

Indigo, natural dye which has been used 

from the earliest times. It was obtained from the leaves of the 
indigo-plant {Indigofera tinctoria) and from woad {Isatis tinctoria), 
which contain indican^ CgHgON-CgHj^O^, a colourless, crystalline 
glucoside of indoxyl (p. 525). When the leaves are macerated 
with water fermentation sets in, and the glucoside is hydrolysed 
into glucose and indoxyl ; on exposure to the air the indoxyl in 
solution undergoes atmospheric oxidation, and indigo separates as 
a blue scum. 

Indigo {mdigoiin) is now prepared synthetically, starting from 
naphthalene (below) ; it is a dark-blue crystalline substance >^ 111011 , 
especially when rubbed, shows a copper-like lustre. It is insoluble 
in water and most other solvents, but dis.solves readily in hot 
aniline, from which it may be crystallised. 

Alkaline reducing agents convert indigotin into its leuco-com- 
pound, indigO‘White^ which, in contact with the air, is rapidly 
reconverted into indigo-blue (indigotin), a property made use of 
in dyeing with this substance (p. 582) ; fuming sulphuric acid 
dissolves indigotin, with the formation of indigodiml'plimic add^ 
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CjgHg 02 N 2 (S 03 H) 2 , the sodium salt of which is used in dyeing 
under the name * indigo carmine/ 

The great value of indigo (indigotin) in the dye industry 
naturally made it an attractive subject for investigation, and as 
the result of laborious research on the part of many chemists, 
the constitution of indigotin was established about 1880, chiefly 
by the work of Baeyer and his pupils. During his investigations, 
Baeyer succeeded in preparing indigotin artificially by various 
reactions, two of Avhich have already been described (pp. 441, 466), 
but it was not until about 1900 that successful processes for the 
manufacture of indigotin had been worked out in Germany ; since 
that time synthetic indigotin has gradually displaced the natural 
product of the indigo-plantations. 

The most important of these methods was based on a discovery 
of Heumann, who found that indigotin could be obtained by 
heating idienylglycine (phenylaminoacetic acid) witli alkalis in 
the presence of air, and the whole process may be summarised as 
follows : Naphthalene is oxidised to phtlialic anhydride by heating 
it with sulphuric acid in the presence of mercuric sulpliaie, or by 
atniosplieric oxidation at 440-480° in the presence of a catalyst 
(p. 457). Phthalic anhydride is converted into phthalimide 
(p. 458) by heating it with ammonia under pressure. 

Plithaliinide is converted into anthranilic acid (o-aminobenzoi(? 
acid, p. 455) by treating it with an alkali hypochlorite, a method 
discovered by Hoogewerf, which is analogous to that used by 
Hofmann in transforming amides into amines (p. 193), 

C.H,<®^^>NH + NaOCl +3NaOH 

CO f'^OONTn 

- + NaCl + Na^COg -f H,0. 


Anthranilic acid is treated with chloroacetic acid to obtain phenyl- 
glycine-o-carboxylic acid. 


CeH4< 


COOH 

NH, 


+ ClCH2COOH = CeH4< 


COOH 

NHCH./COOH 


+ HC1. 


This compound, like phenylglycine itself, is converted into in- 
digotin when it is fused with a mixture of caustic potash and 
caustic soda, the change taking place in several stages: The last 
reaction is carried out by dissolving tlie fused mass in water and pass- 
ing a stream of air through the alkaline solution. 

Org. 40 
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C H 

‘ '^NHCHsCOOH 
Phenylglycinecarl)oxylic Acid. 


Indoxylic Acid. 



Indoxyl. 


+ O, = C.H,<^ 2 >C = C < H >c.H. + 2H,0. 


-NH 

Indoxyl. 


Indigotin. 


Many derivatives of indigotin, such as its halogen substitution 
products, and thioindigotin (a compound in which each of the 
^NH groups of indigotin lias been displaced by an atom of 
sulplinr) are now manufactured and used as vat dyes. 

Anthranilic acid is now used instead of plienylglycinecarboxylic 
acid, and is obtained by the bydroly.sis of its nitrile^ which is manu- 
factured by treating aniline with a mixture of sodium cyanide and 
formaldehyde sodium bisulphite, 

C0H5 NH2 + HCN + CHaO(HO CH2'CN)=:C6H5*NH CH^'CN + HaO. 
The acid is then fused with a mixture of sodamide and caustic alkali. 


Ph thalocyanin es. 

The metallic phthalocyaniiies are very important organic 
pigments. Their discovery was due to the formation of patches 
of a blue substance in some phthaliinide, which had been prepared 
by passing ammonia into phthalic anhydride, contained in an iron 
pan. Linstead and his co-workers then showed that this blue 
compound was iron phthalocyanine, and prepared analogous pig- 
ments by heating o-cijanoheiizamide with a metal or an appropriate 
salt ; of these, copper phihalocyanine^ the structure of which is 
shown below, is now manufactured by heating phthalonitrile, 
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CgH 4 (CX) 2 , with copper at 220-270®, and is known as Monastral 
Fast Blue, B.S. 

This compound suhlimes at 550'' under reduced pressure, is 
insoluble in, and uncliaiiged by, acids and alkalis, and is very fast 
to heat and to light; it can be sulphonated and thus converted 
into a soluble product, used as a dye for paper. 

Monastral Fast Green, G.S., is a derivative of copper phthalo- 
cyanine in which all the sixteen hydrogen atoms are displaced by 
atoms of chlorine. Lead phthalocyanine is also green. 

The metallic phthalocyanines are not dyes, but pigments ; they 
are used as paints or enamels for colouring wall-paper, leather, 
cloth, linoleum, rubber, plastics, etc. 


Note on the Identification of Organic Compounds. 

Practice in the identification of organic compounds in the 
laboratory is of great help to the student in his theoretical 
work, and also trains his powers of observation ; conclusions 
based on inaccurate observations are, of course, fatal to success. 

Only a very small proportion of carbon compounds can be 
identified by qualitative tests; a larger number can be referred 
to their type or class, but for the vast majority — which are 
therefore unsuitable for such purposes — the quantitative methods, 
described in Chapter I., would have to be adopted. 

The substances usually chosen for such exercises — to which 
alone this note applies — may he broadly classed in two groups : 

I. Those which can be identified directly, as, for example, 
some of the simpler halogen derivatives, alcohols, aldehydes, 
ketones, and acids of the aliphatic series ; aromatic hydrocarbons, 
nitro- and amino compounds, phenols, and acids ; and a few of 
the sugars (and glucosides) and alkaloids. 

II. Those which must first be hydrolysed to give recognisable 
compounds of Group I., as, for example, esters, amides, and 
anilides. Salts, mineral or otherwise, may be classed in either 
group (p. 612). 

The methods of examination have little in common with tliose 
of inorganic qualitative analysis ; no tables are (or should be) 
used, and no fixed procedure is necessarily adopted. A few 
simple tests, occupying a few minutes only, serve as a guide 
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to further investigation, but tlie interpretation of the results, 
throughout the whole of the work, requires some considerable 
theoretical knowledge. 

The colour and smell of the compound are noted. Only a 
very few substances (nitro-compounds, quinones) are coloured, but 
many commercial products, especially bases, are yellow or brown 
owing to the presence of impurities. Many types of compounds 
(hydrocarbons, halogen compounds, ketones, aldehydes, phenols, 
acids, and esters) have a distinctive class, or individual, odour, the 
recognition of which is greatly improved by a little practice. 

The following tests may then he made : 

1. The substance is heated in tlie Bunsen flame. If it burns 
with a feebly luminous flame, it is probably rich in oxygen 
(e.g. methyl alcoliol, oxalic acid, glycerol); a smoky flame indicates 
a high proportion of carbon (aromatic compounds generally) or 
the presence of halogen. 

2. Tlie compound, liquid or solid, is heated in a test-tube. Jf 
it distils, a very rough observation of its boiling point may 
often be made by holding a thermometer bulb in the vapour; 
a boiling-point below 8F shows the absence of all aromatic com- 
pounds (benzene boils at 81°). If it decomposes, all the above- 
named types of Group I. which contain only one characteristic 
group are excluded ; decomposition, without appreciable charring, 
indicates simple alipliatic compounds, containing two character- 
istic groups, such as hydroxy- and dicarboxylkj-acids, but if 
charring occurs the presence of more complex hydroxy-acids 
(sulphonic acids), sugars (glucosides), or alkaloids ds indicated, 
and, in general, compounds of very high molecular weight. 
Metallic salts of simple acids (formic, acetic, oxalic, benzoic) do 
not char appreciably, hut salts of the alkaloids and of many 
organic bases carbonise readily. When in this test, or in (1), 
the substance does not volatilise completely ^ it should be ignited 
on a porcelain crucible-lid ; a non-comhiistihle residue shows a 
metallic salt (p. 14), and the further procedure is described on 

(p. 612 ). 

3. The substance is treated with cold water (note comparative 
density). If it is readily or moderately soluble (footnote, p, 148), 
the presence of one or more ~OH, -COOH, -CO’NHg, -SOjH, 
-NHg, -CHO, or ^CO groups is indicated, but the Solubility 
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must be considered in conjunction with the results of (2). If, 
for example, the compound decomposes when it is lieated, it 
cannot owe its solubility to one of these groups only (except 
-SO 3 H) ; on the other hand it might be sparingly soluble and 
yet contain one of these groups in combination with a hydro- 
carbon radical (such as or CgHg-) of fairly high molecular 

weight. Hydrocarbons (otliers), halogen compounds, nitro-deriva- 
tives, and most eaters (p. 172) are very sparingly soluble in water. 

4. The substance is treated with a cold solution of {a) sodium 
carbonate, (/>) caustic soda, (c) hydrogen chloride. If it is more 
readily soluble in (a) than in water, it is probably an acid, 
anhydride, or nitrophenol (yellow) ; effervescence may not be 
detected if the substance dissolves very slowly, as the carbon 
dioxide may form bicarbonate, but may generally be observed 
wlieii the compound is added to a hot solution of sodium 
carbonate. If it is more readily soluble in {b) than in (a), it is 
probably a phenol. If more soluble in (c) than in (a) or (?>), it 
is very probably a base (or a salt^ below). 

The results of these few simple tests considered as a 'whole, in 
the case of substances of Group L, will often give some definite 
indication, which can then be followed up. 

Example. —Axi odourless solid decomposes when it is heated, leaving 
no residue, hub does not char. Its decomposition products are not 
recognised by their smell. The substance is readily soluble in cold 
water, and dissolves in sodium carbonate solution with effervescence. 
It cannot he a simple monocarhoxylic acid, but it might he a simple 
hydroxy- or dicarboxy lie acid, ami further tests are made for the 
individual compounds of these types. 

Example . — A liquid has a ‘basic’ smell, distils at 175-185'’,^ is only 
moderately soluble in water and aqueous alkali, but dissolves readily in 
diluted (1:1) hydrochloric acid, and is reprecipitated from the (sufficiently 
concentrated) solution on the addition of an alkali. It is therefore a 
base (not an alkaloid), and tests are immediately made to find out 
whether it is a primary, secondary, or tertiary base and whether it is 
an aromatic or an aliphatic compound (pp. 200, 396, 403). 

Example.— A liquid, smelling like ‘carbolic acid, ’distils at 178-188*;^ 
it is only moderately soluble in cold water, and in sodium carbonate 
solution, but dissolves in caustic soda and is reprecipi bated from the 
(sufficiently concentrated) solution on the addition of an acid. It is 
probably a phenol, and is tested further with ferric chloride and 
by Liebermann’s reaction (pp. 423, 424). 

^An approximate result, observed in ate.'^t-tube experiment. 
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Example , — An odourless solid, distils at a high temperatuie (above 
200“ apparently) ; it is readily soluble in cold water, and when treated 
with a solution of sodium carbonate the liquid begins to tuin yellow, 
and darkens rapidly when shaken (in contact with the air). Probably 
a di- or poly hydric phenol (pp. 431-433). 

Wlien the above tests (1-4), which may be carried out in 
any order, have failed to give any clue to its nature, the com- 
pound probably belongs to Group IT. (amides, anilides, esters), 
and its examination may proceed as follows; 

5. The substance is heated with a concentrated solution of 
caustic soda. If it is an ammonium salt or an amide (or a 
cyanide) ammonia will be evolved. The substance is then mixed 
with solid sodium carbonate and the mixture is moistened with 
water ; an immediate evolution of ammonia shows an ammonium 
salt, tlie presence of which may have already been suspected 
from the results of (2), (3), or (4). Amides (and cyanides) may be 
liydrolysed only very slowly (reflux apparatus) ; the acid which 
is formed is identified as described under esters (p. 173). If the 
substance is a su])stituted amide (anilide) it will gradually undergo 
hydrolysis, giving a primary base and the salt of an acid ; tlie 
base, which usually separates as an oil, may he extracted with 
ether ; the acid is identified as before. Certain anilides are very 
stable towards boiling alkalis, and are more easily hydrolysed 
with boiling diluted (1:1) sulphuric acid; the free organic acid 
and a salt of the base are thus obtained. 

The hydrolysis of esters, for their identification, has already 
been described (p. 172). 

(6) When at tliis stage no satisfactory clue has been obtained 
the substance may be tested for nitrogen, halogens, and sulphur 
(pp. 14-16). If nitrogen is found, and the compound is not 
one of the types already considered, it may be a nitro-derivative 
or some compound such as sulphanilic acid (p. 419) or hipp- 
uric acid (p. 451). A nitro-derivative can be reduced and tlie 
base identified. If a halogen is found, its nature is determined 
and, if necessary, the substance is heated with an aqueous-alco- 
holic solution of silver nitrate (pp. 69, 374). If sulphur is found, 
the compound may be an alkyl hydrogen sulphate (as a salt), a 
sulphonic acid, or a sulphonamide (which might not have been 
detected under 5) ; the sulphonic derivatives are fused with 
alkalis and converted into phenols (p. 422). 
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7. SaHs . — If the substance is a salt of any kind some indica- 
tions of this should have been obtained in one or more of the pre- 
ceding tests, A metallic or ammonium salt may be treated with 
diluted sulphuric acid and the solution examined, as described 
under esters (p. 173). Salts of organic bases ((which may he mis- 
taken for organic a/iids) are treated with an excess of alkali, and 
the liberated base is extracted with ether, if necessary ; the alkaline 
solution is examined for inorganic and organic acids. 

8. If all the above tests have failed to give any definite infor- 
mation, the substance may be treated with phenylhydrazine 
(p. 407), or strongly heated with soda-lime, concentrated sulph- 
uric acid, or oxidising agents. 

Example, —A pleasant smelling Ikpiid (b.p. 55-65'" )d is not appreciably 
soluble in water, alkalis, or acids, and does not seem to l)e changed when 
it is heated with these leagents. It is observed that its density is very 
much greater than tliat of water ; possibly a halogen compound. It is tested 
for halogens and proved to contain chlorine ; probably cbloroform (p. 72). 

Example . — An odourless solid distils (b.p. above 260°). It is sparingly 
soluble in cold water, alkalis, and acids. When heated with caustic soda 
it seems to give a basic odour (not ammonia). Probably an anilide. It 
is boiled with diluted (1:1) sulphuric acid (reflux condenser), and after a 
sliort time the vapours in the flask are found to liave an acid reaction 
and a smell of acetic acid. The beating is continued during, say, 30-60 
minutes, and the volatile, readily soluble acid is identified ; tlie snlpburic 
acid solution is examined for a primary aromatic base. 

Example . — A liquid (distinct odour, but not recognised), burns with a 
smoky flame, boils at about 105-115'", and is practically insoluble in, and 
apparently unchanged by, water, alk.alis, or aci<ls. Nitrogen, halogens, 
and sulpliur are absent, hut, in carrying out the tost, it is seen that the 
boiling liquid and the sodium do not interact. Probably an aromatic 
hydrocarbon (toluene?) Treated with a mixture of nitric and .sulphuric 
acids, the substance, itself lighter than water, gives an oil denser than 
water. This product is treated with tin and hydrocldoric acid, and the 
solution is examined for a primary aromatic base. 

Example . — On odourle-ss solid, decomposes when it is heated, without 
charring, giving ammonia, and leaves no residue on ignition. It is 
sparingly soluble in cold water, dissolves in sodium carbonate with 
effervescence, hut is not reprecipitated by acids. It does not give 
ammonia with damp sodium carbonate (see above). Boiled with caustic 
soda it gives ammonia. The acid in the alkaline solution is not pre- 
cipitated on the addition of sulphuric acid, and is non-volatile. Prob- 
ably a dibasic acid, and is ultimately identified as oxalic acid. But the 
original compound cannot be oxamide ; it might be NHa CO COOH, but 
1 See footnote, p. 611. ^ 
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as this is a very uncommon substance, it is probably a salt of some very 
simple basic amide, namely urea. 

For the final identification of a solid or liquid a melting-point 
or boiling-point determination may, of course, be made in many 
cases, and a liquid may often be converted into some solid deriva- 
tive of definite melting-point (pp. 137, 138, 407, 458). 
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PREPARATIONS. 

The following are some of tlie typical compounds for which methods 
of preparation are described in detail. Many otliers may be prepared with 
the aid of the experimental data which are given throughout the book. 


Acetaldehyde, 127. 
Acetamide, 163. 
Acetanilide, 392. 

Acetic anhydride, 161. 
Acetone, 133. 
Acetophenone, 444 . 

Acetyl chloride, 159. 
Acetylene, 90. 

Alcohol, 102. 

Allyl alcohol, 230. 

Allyl iodide, 232. 

Aniline, 390. 

Azobenzene, 410. 

A zoxy benzene, 410. 
Benzaldehyde, 438. 
Benzamide, 453. 
Benzenesulphonic acid, 418. 
Benzoin, 441. 

Benzonitrile, 454. 
Benzoquinone, 445. 

Benzoyl chloride, 452. 
Benzoyl derivatives, 452. 
Benzyl alcohol, 436. 
Bromobenzene, 376. 
Carbamide, 240. 
Chlorobenzene, 376. 
Chloroform, 71. 

Cinnamic acid, 463. 
Diazoaminobenzene, 408. 
Diazotisation, 403. 

Diethyl ether, 115. 
Dimethyl ketone, 133. 
m- Dinitrobenzene, 384. 
Ether, 115. 

Ethyl acetate, 170. 

It acetoacetate, 181. 

H alcohol, 102. 
r? benzoate, 451. 

M bromide, 68. 

It chloride, 67. 

Oiv 


Ethyl ether, 1 1 5. 

II hydrogen sulphate, 178. 

II iodide, 68. 

II malonate, 185. 

M nitrate, 174. 

Ethylene, 80. 

II dibroniide, 84. 

II glycol, 215. 

Formic acid, 147. 

Fructose, 288. 

Glucose, 285. 

Grignard reagents, 208. 

Heliantbin, 601. 
llydrazones, 407. 
lodobenzene, 376. 

Iodoform, 73. 

Maltose, 296. 

Naphthalene-/^ sulplionic acid, 486. 
a-Naphthy] amine, 483. 
m-Nilroaniline, 394. 

Nitrobenzene, 383. 
a-Nitronaphthalene, 483. 
Nitropbenols, 426. 

P'N itrosodimethylaniline, 397. 
Osazone.s, 407. 

Oxalic acid, 242. 

Oxamide, 245. 

Oximes, 137. 

Phenyl cyanide, 464. 
Phenyldiazoninm chloride, 403. 
Phenylhydraziue, 406. 

Phthalic aci<l, 458. 

Phthalimide, 458. 

Picric acid, 427. 

Quinoline, 613. 

Quinone, 445. , 

Salicylaldehyde, 442. 

Sulphanilic acid, 419. 
Trinitrophenol, 427. 

Urea, 240. 




INDEX TO PARTS I. AND II. 

Heavy type indicates the more important of two or more references to a 
compound or subject dealt with in any part of this book. 

Pages 1 to 324 are in Part I., pages 326 to 614 in Part II. 


Abel, 670. 

Acenaphthaquinone, 492. 
Acenaphthene, 491. 

Acetal, 130. 

Acetaldehyde, 92, 104, 126. 
Acetaldehyde hydrazone, 138. 
Aoetaldoxime, 137. 

Acetals, 130, 144. 

Acetamide, 162. 

Acetanilide, 389, 391. 

Acetic acid, 150, 324. 

Acetic acid, electrolysis of, 64. 
Acetic acid, salts of, 162, 163. 
Acetic anhydride, 161. 

Acetic chloride, 169. 

Acotoaoetio acid, 181, 187. 

Acetone, 97, 133, 323, 324. 

Acetone ammonia, 144. 

Acetone cyanohydlbiii, 143. 
Acetonedioarboxylic acid, 190, 261, 
636. 

Acetone hydrazone, 134, 138. 
Acetone mercaptole, 120. 

Acetone phenylhydrazone, 134, 138. 
Acetone pinacol, 142. 

Acetone semicarbazone, 138. 
Acetone sodium bisulphite, 134. 
Acetonitrile, 16I3(, 817. 
Acetonylaoetone, 622. 
Acetophenone, 368, 444. 
Acetophenone dichloride, 635. 
Acetophenone hydrazone, 407, 444. 
Acetophenoneoxime, 444. 
Acetotoluides, 389, 394. 

Acetoxime, 134. 
Acetylaminoketones, 644. 
Acetylaminophenetole, 427. 
Acetylbenzene, 444. 

AcGtyloelldlose, 300. 

Acetyl chloride, 159. 

Aoetylcodeine, 642. 

Acetylene, 89 , 96, 324. 

Acetylene, polymerisation of, 330. 
Acetylene series, 88, 96. 

Acetylene tetrabromide, 92, 496. 
Acetylene tetrachloride, 92 , 324. 


Acetylfonnic acid, 191. 
Acetylfructose, 289, 307. 
Acetylgluoose, 286, 307. 

Acetyl group, 160, 162, 

Aoetylidos, 91. 

Acetyl-lactic acid, 262. 
Acetylmaltose, 297. 
Acetylmethylaniline, 397. 
Acetylphenetidine, 427. 
/9-Acetylpropionic acid, 191. 
Aoetyl^licylic acid, 47 1 . 
Acetylsucrose, 296. 

Acetylurea, 656. 

Acid amides, 162. 

Acid anhydrides, 161, 247, 468, 603. 
Acid bromides, 161. 

Aoid chlorides, 159, 452. 

Acid dyes, 582, 

Acid green, 686. 

Acid hydrolysis, 184. 

Acid iodides, 161. 

Aoonitic acid, 261. 

Acraldehyde, 232. 

Acridine, 696. 

Acridine orange R, 697. 

Acridine yellow R, 697. 

Aoridinio acid, 696. 

Acridone, 696. 

Acriflavine, 696. 

Acrolein, 232. 

Acrose, 290. 

Acrylic acid, 238, 262. 

Active amyl alcohol, 111, 267. 268. 
649. 

Acyl radical, 389. 

Additive products, 83. 

Adenine, 669, 561. 

Adipic acid, 261, 353. 

Adjective dyes, 680. 

Adrenaline (Adrenine), 667. 
Adrenalone, 567. 

Alanine, 203, 261, 648. 

Albumin (blood), 662, 674. 

Albumin (egg), 660, 661, 662, 673, 
674. 

Albumins, 674. 


1 
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Albumoses, 672, 576. 

Alcohol, 101, 112, 323, 324. 

Alcohol, absolute, 106. 

Alcohol, constitution of, 47. 
Alcohol, detection of, 104. 

Alcohol, detection of water in, 104. 
Alcohol, determination of, 107. 
Alcoholic fermentation, 102, 302, 
303. 

Alcoholic liquors, 304. 

Alcohol, manufacture of, 105. 
Alcoholometry, 107. 

Alcohols, monohydric, 97, 112, 435. 
Alcohols, nomenclature of, 108. 
Alcohols, oxidation of, 109, 116. 
Alcohols, polyhydric, 234, 237, 
306. 

Alcohols^ trihydrio, 219, 237. 
Aldehyde ammonia, 128. 

Aldehyde bisulphite compounds, 
128. 

Aldehyde cyanohydrin, 143, 253. 
Aldehyde resin, 128. 

Aldehydes, 122, 139, 437. 
Aldehydes, condensation of, 146. 
Aldehydes, oxidation of, 144. 
Aldehydes, polymerisation of, 126, 
129. 

Aldimines, 438, 442. 

Aldohexoses, 306. 

Aldol, 129. 

Aldol condensation, 130. 
Aldopentoses, 306. 

Aldoses, 292, 305. 

Aldotetroses, 305, 306. 

Aldoximes, 137, 317. 

AldHch, 667. 

Algol blue K, 695.- 
Aliphatic compounds, 351. 

Alizarin, 498. 

Alizarin blue, 695. 

Alizarin Bordeaux R, 694. 

Alizarin cyanines, 694. 

Alizarin diaoetate, 600. 

Alizarin, dyeing with, 680. 

Alizarin green, 696. 

Alkali blue, 690. 

Alkaloids, 526. 

Alkaloids, constitution of, 627. 
Alkaloids, contained in opium, 641. 
Alkaloids, derived from pyridine, 
629. 

Alkaloids, derived from quinoline, 
637. 

Alkaloids, extraction of, 626. 


Alkaloids, synthetic, 636. 
Alkylamino- acids, 662. 
Alkylanilines, 395. 

Alkyl chlorides, 60, 76. 

Alkyl cyanides, 316. 

Alkyl cyanurates, 322. 

Alkylene dichlorides, 76. 

Alkylene radicals, 76, 78. 

Alkyl glucosides, 306. 

Alkyl halogen compounds, 69, 76. 
Alkyl hydrides, 75. 

Alkyl hydrogen sulphates, 87, 177. 
Alkyl isocyanates, 321. 

Alkyl isocyanides (isonitriles), 317. 
Alkyl isocyanurates, 322. 

Alkyl isothiocyanates, 321. 

Alkyl radicals, 76. 

Alkyl thiocyanates, 321. 
AUelotropic mixtures, 189. 

AUene, 94. 

Allocinnamic acid, 466. 

Alloxan, 556. 

AUyl alcohol, 230, 367. 

Allylanilino, 616. 

Allyl bromide, 232. 

Ally! disulphide, 232. 

Allylene, 94. 

Allyl formate, 230. 

Allyl iodide, 231. 

Allyl isothiocyanato, 232, 320. 

Allyl sulphide, 232. 

Aluminium carbide, 63. 

Aluminium ethyl, 211. 

Aluminium ethoxide, 103, 114, 146. 
Aluminium isopropoxide, 143, 
Amatol, 386. 

Amides, 162. 

Amidol, 433. 

Amines, 192, 211, 399. 

Amines, identification of, 200. 
Amines, preparation of, 198, 211. 
Amines, separation of primary, 
secondary, and tertiary, 199, 212. 
Aminoacetic acid, 202, 213, 648. 
Amino-aoids, 201, 213, 542. 

Amino ^aoids, benzoyl derivatives 
of, 545. 

Amino-acids, classification of, 647. 
Amino -acids, esters of, 644. 

Amino -acids, resolution of, 545. 
^-Aminoanthraquinone, 696. 
Aminoazobenzene, 408, 697. 
Aminoazobenzenedisulphonic acid, 
602. 

Aminobenzenesulphonamide, 419, 
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Aininoazo- compounds, 409. 

Am inoazotoluen e hy drochlori de, 
597. 

Aminoberizaldehydes, 440, 5J6. 
Aminobenzeno, 390. 
Aminobenzenesulphonic acids, 419. 
Aminobenzoic acids, 456, 471, 607. 
Aminobenzoylformic acid, 626. 
Amino -compounds, 386. 
Arninodibromobenzenes, 349. 
Aminodiohloropurine, 662. 
/3-Aminoethano8ulphonio acid, 666. 
Aminoethyl alcohol, 469. 
Aminoethylindole, 662. 
Aminoformio acid, 203. 
Aminoglutaric acid, 660. 
Aminoguanidine, 663. 
/?-Amino-/3-hydroxypropano, 144. 
Aininoisocaproic acid, 549. 

Am in oiso valeric acid, 649. 
Aminomethylvaleric acid, 649. 
Aminonaphthalcne, 476, 483. 
a-Amino-/9-naphihol, 487. 
l:4-Aminonaphthol, 487. 
Amino-O-oxypurine, 669, 662. 
Aminophenetole, 427. 

Aminophenol, 388, 414, 421. 
Aminophenylacetic acid, 526. 
Aminophenylaminopropionio acid, 
661. 

a-Aminopropionic acid, 203, 648. 
^-Aminopropionic acid, 648. 
Aininopurme, 669, 681. 
jS'Arninopyridine, 631. 
Aminosuccinic acid, 266, 650. 
Aminotoluene, 394". 

Aminouracil, 668. 

Amygdalin, 310, 437. 

Amyl acetate, 180. 

Amyl alcohols. 111, 112, 267, 323, 
549. 

Amylase, 300, 304. 

Amyl cyanide, 268. 

Amylene, 86 , 86. 

Amyl hydrogen sulphate. 111. 

Amyl iodide, 268. 

Amyl-m-oresol, 429. 

Amyl nitrite, 176. 

Amylodextrin, 300. 

Amylo-process, 106. 

Amylum, 298. 

Anaesthetics, local, 536. 

Analysis of organic salts, 29. 
Anderson, 606, 620. 

Anethole, 443, 472. 


Anhydrides, 161, 247. 

Aniline, 390. 

Aniline black, 446, 606. 

Aniline blue, tf90. 

Aniline, homologues of, 394. 
Aniline, substitution products of, 
393. 

Aniline-p-sulphonic acid, 419. 
Aniline sulphonic acids, 419. 

Anils, 282. 

Animal charcoal, 6. 

Animal starch, 299. 

Anisaldohyde, 443, 472. 

Aniseed, oil of, 443. 

Anisic acid, 472. 

Anisole, 426. 

Anisyl alcohol, 472. 

Anthracene, 328, 492. 

Anthracene derivatives, isomerism 
of, 496. 

Anthracene di chloride, 496. 
Anthracene oil, 326, 328. 
Anthracene picrate, 492. 
Anthranilic, acid, 455, 470, 607. 
Anthranol, 498. 

Anthrapurpurin, 601, 
Anthraquinone, 496. 
Anthraquinonedisulphonio acid, 
498, 601. 

Anthraquinone-)5-monosulphonic 
acid, 498, 499. 

Anthraquinone violet, 694. 
Antifebrin, 392. 

Antimeric compounds, 271. 
Antipyrine, 623. 

Apomorphine, 642. 

Apple oil, 180. 

Arabinose, 235, 306. 

Arabinulose, 307. 

Arabitol, 236. 

Arbutin, 432. 

Arginine, 660. 

Argol, 256. 

Armat^rong, 336. 

Aromatic alcohols, 435. 

Aromatic aldehydes, 437. 
Aromatic-aliphatic cyclic com- 
pounds, 489. 

Aromatio amines, 399. 

Aromatic compounds, general pro- 
perties o^ 361. 

Aromatio compounds, reduction of, 
366. 

Aromatio hedogen derivatives, 371. 
Arsenic, derivatives of, 204. 
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Arsenic, detection of, 16. 

Arsines, 204. 

Arsoniiirn salts, 206. 

Artificial lacquers, 301. 

Artificial silk, 301, 302. 

Aryl radicals, 365. 

Ascorbic acid, 671. 

Aseptic distillation, 190. 

Asoptol, 429. 

Asparagine, 266, 660. 

Aspartic acid, 256, 660. 

Aspirin, 471. 

Asymmetric carbon atom, 267. 
Atropio acid, 635. 

Atropine, 533. 

Aurichlorides, 195. 

Aurin, 690. 

Auxochrome, 584. 

Azelaio acid, 234, 261 . 

Azeotropic mixture, 106. 

Azides, 414. 

Azidoacetio acid, 414. 

Azimido- compounds, 414. 

Azinos, 138. 

Azobenzene, 410 , 412, 597. 
Azobenzenesulphonic acid, 697. 
Azo-blue, 604. 

Azo-compounds, 408 , 697. 
Azo-dyes, 697. 

Azoimide, 414. 

Azotoluene, 411. 

Azoxy benzene, 410 , 412. 

Azoxy- compounds, 410. 

Azulmic acid, 309. 

Bacterium aceti, 104, 161. 

Baeyer, 336, 624, 562, 667, 607. 
Bakelite, 124, 426. 

Ballistite, 301. 

Banting, 669. 

Barbier, 213. 

Barbituric acid, 666. 

Barger^ 668 . 

Barley-sugar, 295. 

Basic dyes, 682. 

Baumann, 668 . 

Baumann and SchoUen'e method, 
463, 568. 

Bauxite, 64. 

Beckmann, 38, 41. 

Beckmann transformation, 138. 
Beer, preparation of, 304. 
Beet-sugar, 294. 

Behrend, 667. 

Benzal chloride, 370, 438. 


Benzaldehyde, 368, 487 . 
Benzaldehyde semicarbazone, 440. 
Bonzaldoximes, 439. 
Benzalphenylhydrazone, 439, 
Benzal radical, 379. 

Benzarnide, 463. 

Bonzamine, 537. 

Benzanilide, 392. 

Benzene, 327 seq., 330 . 
Benzeneazonaphthol, 404, 600. 
Benzene, constitution of, 333 seq., 
348. 

Benzene derivatives, isomerism of, 
337. 

Benzene derivatives, orientation of, 
343. 

Benzenedicarboxylic acids, 457, 459. 
Benzone-m-disulphonic acid, 418. 
Benzene hexabromide, 332. 
Benzene hexacarboxylio acid, 450, 

460 . 

Benzene hexachloride, 332. 
Benzene, homologues of, 360. 
Benzene picrate, 428. 

Benzene, structure of, 333 seq., 348. 
Benzenesulphonamide, 418. 
Benzenesulphonic acid, 416, 418 . 
Benzonesulphonyl cliloride, 418 , 434. 
Benzidine, 411 , 603. 

Benzidine transformation, 411. 
Benzil, 441. 

Benzine, 64. 

Benzoazurine, 604. 

Benzoflavin, 697. 

Benzoic acid, 451. 

Benzoic acid, substitution products 
of, 464. 

Benzoic anhydride, 462. 

Benzoin, 441. 

Benzoin condensation, 441. 

Benzol, 327, 330. 

Benzolated amylic alcohol, 627. 
Benzonitrile, 453. 

Benzophenone, 446. 

Benzopurpurin, 603, 604. 
Benzopyrrole, 624. 

Benzoquinone o-, 447 ; p-, 446. 
Benzotoluides, 394. 
Benzotrichloride, 879 , 438, 461. 
Benzoylbenzene, 445. 
Benzoylbenzoic acid, 496. 

Benzoyl chloride, 462. 
Benzoyl-derivatives, 462. 
Benzoylecgonine, 636. 
Benzoylglycine, 202, 461. 
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Benzoylmethylaniline, 397. 
Benzoylpiperidine, 510. 

Benzyl acetate, 436. 

Benzyl alcohol, 436. 

Benzylamine, 399. 

Benzyl benzoate, 436. 

Benzyl bromide, 380, 436. 

Benzyl oarbinol, 437. 

Benzyl chloride, 378, 436, 438. 
Benzyl cyanide, 464, 482 . 
Bonzylideneacetone, 440. 
Benzylideneaniline, 440. 
Benzylidene dichloride, 379. 
Benzylidenehydrazone, 407, 439 . 
Benzylidenehydroxycyanide, 440. 
j8-Benzylidenepropionic acid, 463 , 
466, 478. 

Benzylidene radical, 379. 

Benzyl iodide, 386. 

Benzylmalonic acid, 462. 

Benzyl radical, 364. 

Benzyltetrarne thy lammonium, 211. 
Beri beri, 670, 671. 

Best, 669. 

Betaine, 663. 

Biebrich scarlet, 602. 
Bis-dehydrothiotoluidine, 606. 
Bis-diazoacetic acid, 413. 

Bismarck brown, 601. 

Bisulphite compounds, 142. 

Biuret, 240. 

Blasting-gelatin, 224, 301. 
Blomstrand, 405. 

Blood-albumin, 652, 674. 
Boiling-point, 9. 

Bone-oil, Bone-tar, 606. 

Bordeaux, 602. 

Brilliant green, 686. 

Bromal, 132. 

Bromination, 372. 

Bromination of acids, 166. 

Bromine, detection of, 16. 

Bromine, estimation of, 26. 
Bromoacetic acids, 166. 
Bromoacetjrlene, 363. 
Bromoonthraquinone, 497. 
Bromobenzene, 374, 378 , 398. 
Bromobenzenesulphonic acids, 423. 
Bromobenzoic acids, 464. 
Bromobenzoylbenzoic acid, 497. 
Bromobenzyl bromide, 495, 502. 
Bromobutyric acid, 234, 263. 
Bromoohlorobenzene, 373. 
Bromoethane, 68. 
Bromoethylamine, 469, 


Bromoethylene, 84. 
Bromoethylphthalimide, 459. 
Bromoform, 73. 

Bromohydrins, 87. 
p-Bromoisopropyl benzene, 369. 
Bromonaphthalones, 481. 
Bromonitrobenzenes, 386. 
Bromophenanthrene, 603. 
Bromophenyldiazonium chloride, 
373. 

p-Brornophenylhydrazine, 407. 
Bromophthalic anhydride, 497. 
a-Bromopropionic acid, 261, 262. 
/3-Bromopropionio acid, 233, 262. 
Bromopyridine, 605, 521. 
Bromosuccinio acid, 267. 

Bromo toluenes, 378, 456. 

Brucine, 539, 540. 

Brucine methiodide, 540. 

Bunsen, 205. 

Butadiene, 95, 111. 

Butaldehyde, 132, 139. 

Butane, 55, 61. 

Butene, 83, 85, 86. 

Butter, 227. 

Butyl acetate, 180. 

Butyl acetone, 184. 

Butyl alcohols, 108, 111, 112, 233. 
Butyl chloral, 132. 

Butylene dibromide, 94. 

Butylene glycol, 87, 219 , 236. 
Butylenes, 85 , 86, 88. 

Butyl iodide, 68. 

Butyl iodide, secondary, 87. 

Butyl iodide, tertiary, 66. 

Butyric acid, iso, 158 , 166. 

Butyric acid, normal, 157, 166. 
Butyrone, 139. 

Butyrophenone, 445. 

Cacodyl, 205. 

Cacodyl chloride, 206. 

CeM5odyl cyanide, 206. 

CcMJodylio acid, 206. 

Cetcodyl oxide, 206. 

Cadaverine, 646. 

Caffeine, 669, 581 . 

Calciferol, 588 , 671. 

Calcium acetonedicarboxylate, 636. 
Calcium carbide, 89. 

Calcium cyanamide, 319. 
Calico-printing, 682. 

Camphor, 369, 430. 

Cane-sugar, 294. 

(Cannizzaro's reaction, 488 , 440. 
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Capraldehyde, 139. 

Capric acid, 168. 

Caproic acid, 158. 

Caramel, 295. 

Carbainic acid, 203. 

Carbamide, 239, 241. 

Carbazole, 504. 

Carbethoxy -derivatives, 239. 
Carbimides, alkyl, 321. 

Carbinol, 108. 

Carbocyclic compounds, 508. 
Carbohydrates, 284, 304. 

Carbolic acid, 327, 425. 

Carbon, detection of, 13. 

Cajbon, estimation of, 18. 

Carbonic acid, 238, 201. 

Carbon monoxide, products from 
323. 

Carbon suboxide, 246. 

Carbon tetrachloride, 52, 74, 76. 
Carbonyl chloride, 72, 238. 
Carbonyl-group, 136. 

Carbostyril, 616. 

Carboxyl-group, 165. 

Carboxylic acids, 160, 448. 
Carbylamine reaction, 72, 196, 389. 
Carbylamines, 317. 

Carbyl sulphate, 565. 

Cariiis* method of analysis, 25. 
Carotene, 571. 

Carvacrol, 369, 430. 

Caseinogen (casein), 228, 297, 574, 

576. 

Catalytic reduction, 229, 356. 
Catechol, 431, 600. 
Catecholoarboxylic acid, 472. 
Catechu, 431. 

Celanese, 302. 

Cellophane, 302. 

Celluloid, 301. 

Cellulose, 800, 304. 

Cellulose hexa-acetate, 300. 
Cellulose nitrates, 301. 

Celluloses, 284, 304. 

Cellulose xanthates, 302. 

Ceresine, 64. 

Cetyl alcohol, 114. 

Cetyl palmitate, 114. 

Chevreul, 663. 

Chloral, 131. 

Chloral alooholate, 131. 

Chloral hydrate, 131, 164. 
Chloramine T, 419. 

Chloranil, 448. 

Chlorination, 372. 


Chlorination of acids, 166. 

Chlorine carrier, 371. 

Chlorine, detection of, 16. 

Chlorine, estimation of, 26. 
Chloroacetanilide, 393. 

Chloroacetio a!cid, 164, 324. 
Chloroocetone, 522, 537. 
Chlorooeetyloatechol, 667. 
Chloroacetyl chloride, 646, 667 
Chloroanilines, 893, 414. 
Chloroanthracenes, 496. 
Chlorobenzene, 374, 376. 
Chlorobenzonesulphonic acid, 422. 
Chlorobenzoic acids, 378. 
Chlorobenzyl chloride, 372. 
ChlorocofiFeine, 661. 

Chloroethane, 67. 
Chloroethanesulphonic acid, 665. 
Chloroethers, 121. 

Chloroethylene, 84. 

Chloroform, 62, 71, 131. 
Chloroformic acid, 165. 
Chloroformic ester, 238. 
Chloroguanine, 662. 

Chlorohydrins, 87, 218, 222. 
Chloromalonic acid, 264. 
Chloromethane, 66. 

Chloromethyl ether, 189. 
Chloronaphthalenes, 481. 
Chloronitrobenzenes, 376, 385, 393, 
422. 

Chlorophenol, 374, 481 . 

Chlorophyll, 677. 

Chloropicrin, 73. 
a-Chloropropionio acid, 166, 261. 
/9-Chloropropionio acid, 165, 252. 
Chloropyridine, 621. 
a-Chloroquinoline, 616. 
Chlorotoluenes, 378. 

Chloroxylene, 363. 

CholEuiio acid, 666. 

Cholesterol, 666. 

Cholic acid, 664, 665. 

Choline, 662. 

Chromogen, 684. 

Chromophore, 683. 

Chrysoidine, 600. 

Cinchomeronio acid, 612. 
Cinchonine, 639. 

Cinchoninio acid, 639. 

Cincho-tannio acid, 638. 

Cinnamic acid, 468. 

Cinnamic aldehyde, 466. 
Cinnamylideneacetio acid, 465. 
Cinnamylidenemalonio acid, 466. 
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Cis- and fron^-isomerides, 281, 465, 
Citric acid, 269. 

Gitromycetea, 269. 

Clems, 336. 

Cleaning oil, 64. 

Olemmensen reaction, 143, 362. 
Closed-chain compounds, 362. 
Coal-gas, 325. 

Coalite, 326. 

Coal, oxidation of, 450. 

Coal-tar, distillation of, 326. 

Coca, alkaloids of, 636. 

Cocaine, 636. 

Codeine, 641, 642. 

Co -enzyme, 303. 

Coke, 326. 

Collagen, 678. 

Collidines, 610. 

Collodion, 301. 

Colour-base, 586. 

Combustion apparatus, 18, 19. 
Composition of organic compounds, 
8 . 

Condensation, 136, 440, 466. 
Conglomerate, 272. 

Congo corinth, 604. 

Congo dyes, 603. 

Congo red, 603. 

Coniine, 629. 

Constitutional formulse, 46. 
Constitution of organic compoimds, 
43. 

Conyrine, 630. 

Copper acetylide, 91. 

Copper phthalocyanino, 608. 
Coprosterol, 666. 

Cordite, 301. 

Coupling, 410, 697. 

Cracking of petroleum, 65, 323. 
Cream of tartar, 268. 

Creatine, 663. 

Creatinine, 664. 

Creosote oil, 326, 328. 

Cresols, 328, 429. 

Cresylio acids, 328, 329, 426. 
Cretinism, 668. 

Crotonalcohol, 233. 

Crotonaldehyde, 130, 238. 

Crotonio acid, 233, 234, 281, 357. 
Crotonylene, 94. 

Crum Brovm'a rule, 382. 

Cryoscopio method, 37. 
Crystallisation, 6. 

Crystallisation, fractional, 6. 

Crystal violet, 689. 


Cumene, 369. 

Curtius, 412, 413. 

Cyamelide, 318. 

Cyanamide, 319, 654. 

Cyanic acid, 318, 321. 

Cyanides, alkyl, 316. 

Cyanides, complex, 314. 

Cyanides, metallic, 312. 

Cyanoacetic acid, 192. 
Cyanobenzamide, 608. 

Cyanobenzyl chloride, 617. 
C^anobenzyl cyanide, 617. 
Cyanogen, 308. 

Cyanogen chloride, 310, 322. 
Cyanogen compounds, 308. 
Cyanogen iodide, 662. 
Cyanohydrins, 189, 143, 440. 
Cyanohydrins of mono-saccharides, 
291. 

CyanotolueiM), 464, 517. 

Cyanurates, alkyl, 322. 

Cyanuric acid, 240, 310, 318, 322. 
Cyanuric chloride, 310, 322. 
Cycloheptatriene, 634. 

Cyclohexane, 356, 358, 369. 
Cyclohexanol, 363. 

Cyclohexanone, 363. 

Cymene, 369. 

Cysteine, 548. 

Cystine, 648. 

Daturine, 633. 

Decahydronaphthalene, 368, 482. 
Decalane, 482. 

Deoane, 61. 

Decylic acid (caprio acid), 168. 
Deduction of a formula, 27. 
Dehydrothiotoluidine, 606. 
Desiodothyroxine, 668. 
Desmotropic forms, 189. 

Dewar, 508. 

Dextrin, 106, 299, 304. 

Dextrose, 286. 

Dextro tartaric acid, 257, 275. 
Diabetes meUitus, 669. 

Diacetin, 222. 

Diaoetonamine, 136, 537, 

Diacetone alcohol, 136. 
Diacetylenes, 94. 

Diacetylmorphine, 642. 
Diacetylurea, 666. 

Diakon, 234. 

Diallyl, 96. 

Diallyl tetrabromide, 96. 

Dialurio acid, 568. 
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Diaminoaoridine, 546. 
Diaminoazobenzene, 600. 
Diaminobenzenes, 349, 387, 389, 
895 , 601. 

Diarninobenzoio acids, 349. 
OO-Diaminobenzophenone, 592. 
Diaminooaproio acid, 550. 
Diamiao-compounds, 387, 389, 395. 
Diaminodiphenyl, 411. 
00-Diaminodiphenylmethane, 596. 
l:4-Diami]ionaphthalene, 487. 
l:5-Diammonaphthalene, 602. 
Diaminophenol, 433. 
Diaminotriphenybnethane, 586. 
Diaminovaleric acid, 550. 
Dianisidine, 603 , 604. 

Diarsenic tetramethyl, 205. 
Diastase, 296, 299, 804. 

Diazoacetic acid, 412. 

Diazo -aliphatic compounds, 412. 
Diazoaminobenzene, 408. 
Diazoamino- compounds, 408, 414. 
Diazoaminomethano, 414. 
Diazobenzene chloride, 400. 
Diazomethane, 180, 413. 

Diazonium compounds, 400. 
Diazonium compounds, constitu- 
tion of, 404, 

Diazo tisati on, 401. 

Dibasic acids, 241 , 261, 456. 
Dibenzopyrone, 692. 

Dibenzylamine, 399. 
Dibromoaminobenzones, 349. 
Dibromoanthraquinone, 499. 
Dibroraobenzenes, 347 , 376. 
Dibromoethane, 71 , 143. 
Dibromoethylbenzene, 464. 
Dibromoethylene, 92. 
Dibromohydrindene, 491. 
Dibromomalonic acid, 556. 
Dibromonitrobenzenes, 349. 
Dibromopropane, 84. 
Dibromopropionic acid, 234. 
Dibromosuccimc acid, 257, 259. 
Dicarboxylic acids, 241 , 261, 456. 
Dicarboxylio acids, electrolysis of, 
79, 93, 262. 

Dichloroacetio acid, 164. 
Dichloroacetone, symmetrical, 237, 
260. 

Dichloroanthracene, 496. 
Dichlorobenzenes, 332, 374, 376, 
446. 

^-Diohlorodiethyl sulphide, 120. 
Dichloroethane, 70, 84, 143. 


Dichloroethylenes, 92. 
aa-Dichlorohydrin, 222, 237. 
tt/i-Dichlorohydrin, 237. 

Dichloroiso quinoline, 518. 
Diohloromethane, 70. 
Diohloronaphthalene, 481. 
Dichloropentane, 610. 
a-Dichloropropane, 134, 143. 
/^/3-Dicliloropropionic acid, 165, 237. 
Dicyanogen, 308. 
Diethoxychloropurine, 660. 

Diethyl aoetonedicarboxylate, 191. 
Diethylamine, 195. 

Diethylaniline, 396, 397. 

Diethyl carbonate, 73, 239. 
Diethylene glycol, 218. 

Diethyl ether, 115. 

Diethyl ketone, 139, 323. 

Diethyl malonate, 186. 
Diethylmalonylurea, 656. 
Diethylnitrosoamine, 196. 

Diethyl oxalate, 246. 
Diethylphosphine, 204. 

Diethyl sulphate, 179. 

Diethyl sulphide, 119. 

Diglycerol, 224. 

Di-glycollide, 254. 

Dihalogen derivatives, 70, 78. 
Dihexyl ketone, 139. 

Dihydrio alcohols, 214, 236. 
Dihydric phenols, 420, 422, 430. 
Dihydroacridine, 696. 
Dihydroanthracene, 496, 496. 
Dihydronicotyrine, 532. 
Dihydroquinoline, 615. 
Dihydroxyacetone, 306. 
l:2-Dihydiroxyantlu’aqumone, 498. 
l:4-Dihydroxyeuithraquinone, 694. 
Dihydroxyanthraquinones, 601. 
Dihydroxybenzenes, 430. 
Dihydroxybenzoio acids, 472. 
00 -Dihydroxybenzophenone, 692. 
Dihydroxymalonic acid, 656. 
Dihydroxynaphthalenes, 487, 488. 
Dihydroxyphenanthrene, 603. 
Dihydroxyphthalophenone, 591. 
Dihydroxysteario acid, 234. 
Dihydroxyguccinio acid, 266. 
Dihydroxythiophene, 520. 
Dihydroxyuraoil, 668. 
Dihydroxyxanthone, 692. 
Di-iodopurine, 560. 

Di -isoamyl ether, 120. 

Di-isobutyl ether, 120. 

Di- isopropyl, 68. 
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Di -isopropyl ether, 120. 
Di-isopropyl ketone, 139. 

Diketoliy drindenes, 49 1 . 

Diketonos, 603, 622. 
Dikotopiperazino, 646. 
Dimethoxybenzidino, 603. 
Dimethylaoetic acid, 168. 
Dimethylacetylone, 94, 
Dimethylamine, 198. 
Dimethylaminoazobonzene, 409, 
697. 

Dimethylaminoazobenzenesulphon - 
io acid, 601. 

Dimethyianiline, 396, 396, 397 . 
Dimethylarsine oxide, 206. 
Dimethylbenzenes, 366. 
Dimethylbenzidine, 411, 603. 
/Sl7-Dimethyl-/37-butylone glycol, 
236. 

Dimethyl oarbinol, 108, 110 . 
Dimethyl ether, 115 , 1 20. 
Dimethylethylbenzene, 361. 
Dimothylethylenes, 86, 86. 
Dimethylethylmethane, 269. 
Dimethylheptenol, 213. 

Dimethyl ketone, 133. 
Dimethylmalonic acid, 261. 
Dimethyl oxalate, 98, 245 . 
Dimethyl-m-phenylenediamino,597. 
Dimethyl-p-phenylenodiamine, 397, 
406, 409, 606. 

Dimethylpiperidonium iodide, 628. 
Dimethylpyridinos, 610, 

Dime thy Ipyrogallol, 433. 

Dimethyl sulphate, 99, 179 . 
1:3-Dimethylxanthine, 661. 
3:7-Dimethylxantliine, 669, 560 . 
Dinaphthols, 486. 
Diriaphthylsulphone, 486. 
Dinitrobenzenos, 384. 
Dinitromesitylene, 360, 368. 
Dinitro-a-naphthol, 485 , 604. 
Dinitro-a-naphtholsulphonio acid, 
604. 

Dinitrophenylhydrazine, 407. 
Di-olefines, 94, 96. 

Dioxalin, 230. 

Dioxan, 218. 

Dioxindole, 624, 525 . 

Dioxypurine, 669, 560 . 

Dipeptides, 546. 

Diphenetidine, 603. 

Diphenio acid, 601, 503. 

Diphenio anhydride, 603. 
Dipheno- 7 -pyrone, 692. 


Diphenyl, 370 , 601. 

Diphenylamine, 398. 
Diphenyldicarboxylic acid, 601, 503 . 
Diphenyl ether, 668. 
Diphenylethylene, 602. 
Diphonylhydrazine, 411. 
Diphonyliodonium hydroxide, 377. 
Diphenyliodonium iodate, 377. 
Diphenyl ketone, 446. 
Diphenylmethane, 370 , 446. 
Diphenyl sulphide, 434. 

Diphenyl sulphone, 434. 
Diphenylthiourea, 392. 
Diphenyltolylmothane, 687. 
Diphenylurea, 393. 

DippeVs oil, 606. 

Dipropargyl, 95, 333. 
Dipropylamine, 192. 

Dipropyl ether, 120. 

Dipropyl ketone, 139. 

Direct dyes, 580. 

Disaccharides, 294, 304, 307. 
Disacryl, 233. 

Difl-azo-dyes, 598, 602. 

Disodium cyanamide, 212, 319. 
Dissymmetry, 266. 

Distillation, 8. 

Distillation, coal-tar, 326. 
Distillation, fractional, 10, 106, 
Distillation in steam, 7. 

Ditolyl, 502. 

DobneVy 616. 

Double bond, 82. 

Dulcitol, 235, 288. 

Dumas ^ 21. 

Dutch liquid, 84. 

Dyes and their application, 678. 
Dynamic isomerism, 189. 
Dynamite, 224. 

E6u*th-wax, 64. 

Ebullioscopic method, 40. 
Ecgonine, 636, 636. 

Edestin, 649. 

Egg-albumin, 573 , 674. 

Elaidio acid, 234, 281. 

Elementary analysis, 12, 17. 
Empirical formula, 29. 

Emulsin, 310, 437. 
Enantiomorphous crystals, 266, 271. 
Enolio forms, 1 89. 

Enzymes, 102, 308. 

Eosin, 693. 

Epichlorohydrin, 237. 

Epinephrine, 667. 
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Ergosterol, 666. 

Erythritol, 235, 306. 

Erythrose, 306. 

Erythrosin, 593. 

Erythrulose, 307. 

Esterification, 171. 

Esters, 169, 179, 323. 

Esters, identification of, 172. 
Estimation of carbon and hydrogen, 
18. 

Estimation of olilorine, bromine, 
and iodine, 25. 

Estimation of nitrogen, 21. 
Estimation of oxygen ,21. 
Estimation of sulphur and phos- 
phorus, 27. 

Ethaldehyde, 126. 

Ethane, 63, 61, 92. 

Ethanesulphonic acid, 119. 

Ethanol, 101. 

Ethene, 79. 

Ether, 115, 120. 

Ethereal salts, 169. 

Ethoxides, 103. 

Ethoxybenzoic acid, 469. 

Ethyl acetate, 169, 324. 

Ethyl acetoacetate, 181, 187. 

Ethyl acetoacotate, constitution of, 
186, 188. 

Ethyl acetoacetate, hydrolysis of, 
183. 

Ethyl acetoacetate, tautomerism of, 
188. 

Ethyl acetonedicarboxylate, 191. 
Ethyl acetylacetoacetate, 188. 
Ethyl acetylglycollate, 251. 

Ethyl acetyl-lactate, 262. 

Ethyl acrylate, 367. 

Ethyl alcohol, 101, 112, 323, 324. 
Ethylamine, 193. 

Ethylamine salts, 196, 428. 
Ethylaniline, 396, 397. 

Ethylates, 103. 

Ethyl azidoacetate, 414. 
Ethylbenzene, 368, 363, 367. 

Ethyl benzenesulphonate, 417. 
Ethyl benzoate, 461. 

Ethyl benzylacetoacetate, 188. 
Ethylbenzylaniline, 686. 

Ethyl benzylmalonate, 462. 

Ethyl bromide, 68, 69. 

Ethyl butylaoetoacetate, 184. 

Ethyl carbamate, 203. 

Ethyl oarbinol, 108. 

Ethyl carbonate, 73, 203, 239. 


Ethyl carbylamine, 195, 317. 

Ethyl chloride, 67, 69. 

Ethyl chloroacetate, 188, 246. 
Ethyl chlorocarbonate, 238. 

Ethyl chloroformate, 238. 

Ethyl citrate, 261. 

Ethyl collidinedicarboxylate, 610. 
Ethyl copper acetoacetate, 182. 
Ethyl cyanide, 317. 

Ethyl cyonoacetate, 192. 
Ethylcyclohexane, 358. 

Ethyl diazoacotate, 412. 

Ethyl dihydrocollidined icnrbox y I - 
ate, 610. 

Ethyl dipropylacetoacotate, 183. 
Ethylene, 79, 86. 

Ethylene chlorohydrin, 87, 217, 253, 
323. 

Ethylene cyanohydrin, 263. 
Ethylenediamine, 459. 

Ethylene dihromido, 70, 78, 84. 
Ethylene dichloride, 70, 84. 
Ethylene dioyanide, 246. 
Ethylenediphthalimide, 459, 
Ethylene glycol, 87, 216, 236, 323. 
Ethylene oxide, 218, 323. 

Ethylene ozonide, 88. 

Ethylene series, 78, 86. 

Ethyl ether, 116. 

Ethyl ethylacetoacetato, 184. 
Ethylethylene, 85, 86. 

Ethyl ethylmalonate, 186. 

Ethyl ethylme thylaoetoacetate, 183. 
Ethyl ethylpropylacetoacetate, 184, 
Ethyl formate, 148, 173. 

Ethyl gly collate, 251. 

Ethyl hydrindenedicarboxylate,490. 
Ethyl hydrogen dithiocarbonate, 
239. 

Ethyl hydrogen oxalate, 148. 

Ethyl hydrogen sulphate, 81, 116, 
178, 

Ethyl hydroxyorotonate, 188. 
Ethylidone dibromide, 70, 143. 
Ethylidene dichloride, 64, 143. 
Ethyl iodide, 68, 69. 

Ethyl isocyanate, 321. 

Ethyl isonitrile, 317. 

Ethyl lactate, 252. 

Ethyl magnesium bromide, 207. 
Ethyl rnalonate, 185, 191. 
Ethylmalonic acid, 261. 

Ethyl mandelate, 474. 

Ethyl mercaptan, 118. 

Ethyl methylacetoacetate, 182. 
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Ethyl nitrate, 174. 

Ethyl nitrite, 175. 

Ethyl nitrocinnamate, 464. 

Ethyl oxalacetate, 190. 

Ethyl oxalate, 246. 

Ethyl phosphine, 204. 

Ethyl phthalate, 458. 

Ethyl phthalimide, 459. 

Ethyl propylacotic acid, 184, 187. 
Ethyl propylacetoacetate, 183. 
Ethyl propylethylmalonato, 186. 
Ethyl propylmalonate, 187. 

Etliyl propylmalonic acid, 187. 
Ethylpyridine, 634. 

Ethyl salicylate, 470. 

Ethyl sodioacetoacotate, 182, 188. 
Ethyl sodiomalonato, 186, 191. 
Ethyl succinimide, 262. 

Ethyl sulidiato, 179. 

Ethyl sulphide, 119. 

Ethyl sulphoiio, 119. 

Ethylsulphuric acid, 178. 

Ethyl /S-uramidocrotonate, 557. 
a-Euoaine, 536. 

/9-Euoaine, 637. 

Euflavine, 696. 

Euxanthio acid, 691. 

Euxanthone, 691, 692. 

Evipan, 656. 

Exhaustive methylation, 628. 
External compensation, 272. 

Faraday, 330. 

Eats, 224. 

Fats, rancidity of, 228. 

Fatty acids, 146 , 166, 226. 

Fatty acids, electrolysis of, 54, 62. 
Fatty acids, synthesis of, from 
ethyl aoetoaoetate, 181. 

Fatty acids, synthesis of, from 
ethyl malonate, 186. 

Fatty compounds, 361. 

Fehling'a solution, 286. 

Ferment, 102, 302. 

Fermentation, 102, 302. 
Fermentation, acetic, 161. 
Fermentation, alcoholic, 102, 303. 
Fermentation, butyric, 167. 
Fermentation, diostatio, 304. 
Fermentation, lactic, 167. 
Fernbach's culture. 111. 

Ferrous potassioferrocyanide, 310. 
Fibroin, 648. 

Fischer, 290, 293, 643, 646, 669. 
Fittig's reaction, 362. 


Fluoran, 692. 

Fluorescein, 692. 

Fluorescein reaction, 432, 457. 
Formaldehyde, 100, 122 , 139. 
Formaldehyde, estimation of, 124. 
Formalin, 123. 

Formamide, 163. 

Formanilide, 392. 

Formic acid, 100, 146 , 166. 

Formic acid, salts of, 148. 
Formonitrile, 312. 

Formose, 126, 289. 

Formula, deduction of a, 27. 
Fractional crystallisation, 6. 
Fractional distillation, 10, 106. 
Frankland, 62. 

Freezing-point, 37. 

Friedel and Crajta' reaction, 361, 
382, 444, 480. 

Fructose, 102, 288 , 304. 

Fructose oxime, 289. 

Fructose penta-acetate, 289, 307. 
Fructosophenylhydrazone, 290. 
Fuchsine, 588. 

Fulminic acid, 319, 321. 

Fumoric acid, 256 , 279. 

Fumario acid, electrolysis of, 93. 
Furan, 618, 519, 623. 
Furancarboxylic acid, 619. 
Furfural, 619. 

Furfuralcohol, 619. 

Purfuraldehyde, 307, 619. 

Furil, 620. 

Furoin, 619. 

Fusel oil, 106 , 110, 111, 303. 

Galactonic acid, 288. 

Galactose, 287, 297, 304. 

GaUic acid, 472. 

Gas liquor, 825. 

Gasoline, 64. 

OaUermann, 403, 439, 442. 
Qay-Lussac, 34. 

Gelatin, 677. 

Gelignite, 224, 301. 

General formulae, 60. 

Geometrical isomerism, 281 , 283, 
466. 

Oerhardt, 613. 

Glacial acetic acid, 150. 

Gliadin, 650, 652. 

Globulins, 573, 674. 

Gluconic acid, 287, 307. 
Gluoonolactone, 293. 

Glucosates, 286. 
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Glucosazono, 290. 

Glucose, 102, 285, 304, 306. 

Glucose cyanohydrin, 292. 

Glucose oxime, 287. 

Glucose penta-ocetate, 286, 307. 
Glucosephenylhydrazone, 290. 
Glucosides, 306, 310. 

Glucosone, 291. 

Glucuronic acid, 691. 

Glutamic acid, 650. 
Glutardialdehyde, 506. 

Glutario acid, 261, 262. 

Gluten, 299. 

Glyceraldehyde, 221, 306. 

Glyceric acid, 221. 

Glycerides, 226. 

Glycerin, 220. 

Glycerol, 220. 225, 226, 237. 
Glycerophosphoric acid, 564. 
Glyceryl acetate, 220, 222. 

Glyceryl bromohydrins, 231. 
Glyceryl chlorohydrin diacetate, 
237. 

Glyceryl ohlorohydrins, 222, 231, 
237. 

Glyceryl trichloride, 223. 

Glyceryl tri-iodide, 232. 

Glyceryl trinitrate, 223. 

Glycine, 202, 213, 648. 

Glycine anhydride, 546. 

Glycine hydrochloride, 202. 
Glycocholic acid, 664. 

Glycogen, 299, 304. 

Glycol, 215, 236. 

Glycol di€M3etate, 180, 216. 

Glycol dinitrate, 217. 

Glycol ethers, 218, 323. 

Glycol, sodium compounds of, 215. 
Glycollic acid, 218, 221, 260. 
Glycollic aldehyde, 218, 306. 
Glycollide, 264. 

Glycols, 214, 236. 

Glyoylglycine, 646. 

Glyoxed, 218, 219, 267, 363. 
Olyoxylic acid, 218. 

Gl}^t^ resins, 221, 458. 

Omdirif 565. 

Goitre, 668. 

Graehe, 477, 499. 

Granulose, 298. 

Grape-sugar, 285. 

Graphic formulse, 46. 

Oriesa, 349, 400. 

reagents, 207, 213, 380. 
Qrwea' process, 66, 67. 


Guaiacol, 431. 

Guanidine, 662. 

Guanine, 669, 562. 

Gum benzoin, 461. 

Gun-cotton, 301. 

Haematein, 676. 

Hesmin, 576. 

Henmoglobin, 676. 

Halogen carrier, 164, 371. 

Halogen derivatives, 66, 371. 

Hard soap, 226. 

Haringtorif 508. 

Heavy oil, 326, 328. 

Helianthin, 601. 

Helium, 63. 

Hell, 166. 

Herniliedral crystals, 265, 271. 
Hemimellitene, 369. 

Hemlock, alkaloids of, 629. 
Heptaldehyde, 132, 139. 

Heptane, 61. 

Heptyl alcohol, normal, 132. 
Heptylio acid, 132, 158. 166, 292. 
Heroin, 642. 

Heterocyclic compounds, 607. 
Hexa-acetyl cellulose, 300. 
Hexacarboxybenzene, 337, 460. 
Hexachloroethane, 64. 
Hexa-ethylene glycol, 218. 
Hexahydrio alcohols, 235, 237, 

305. 

Hexahydrobenzene, 332, 366, 368. 
Hexahydropyridine, 605, 509. 
Hexahydrotetrahydroxybenzoic 
acid, 638. 

Hexamethylbenzene, 460. 
Hexamethylene, 356, 358. 
Hexamethylenetetramine, 124. 
Hexamethylpararosaniline, 589. 
Hexamine, 124. 

Hexane, 68, 61, 

Hexitols, 2^, 305. 

Hexoses, 306. 

Hexyl alcohol, 236. 

Hexyl chloride, 113. 

Hexylene, 86. 

Hexylic acids, 168. 

Hexyl iodide, 236, 292. 

Hippuric acid, 202, 451. 

Histidine, 551. 

Hojmcmn'a bromoamide reaction, 
193. 

HofmanrCa carbylamine reaction, 
72, 196. 
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Hofmann's vapour density appar- 
atus, 34. 

Homocyclio compounds, 507. • 
Homologous series, 59. 
Homologous series, ascent of, 200. 
Homologous series, descent of, 168, 
200 . 

Homophthalic acid, 5 1 7. 
Homophthalimide, 617. 

Hopkins , 670. 

Hormones, 566. 

Hydracrylic acid, 252. 
Hydraziaoetic a(;id, 413. 
Hydrazines, 405. 

Hydrazobenzene, 411 , 412. 
Hydrazoic acid, 414. 

Hydrazones, 138 , 200. 
Hydrindamine, 491. 

Hydrindeno, 490. 
Hydrindenecarboxylic acid, 491. 
Hydrindone, 490, 491. 
Hydrobenzamide, 440. 
Hydrobenzoin, 441. 

Hydrocarbons, 49, 78, 88, 360. 
Hydrocarbons, aromatic, oxidation 
of, 449. 

Hydrocarbons, saturated, 49. 
Hydrocarbons, misaturatod, 78, 88. 
Hydrocinnamic acid, 462. 

Hydrogen cyanide, 810 , 320. 
Hydrogen, detection of, 14. 
Hydrogen, estimation of, 18. 
Hydrolysis, 169 , 171, 172, 180. 
Hydroquinone, 431, 432, 446. 
Hydroxides, quaternary ammon- 
ium, 197. 

Hydroxides, quaternary arsonium, 
206. 

Hydroxides, quaternary phosphon- 
ium, 204. 

Hydroximes, 136 , 199. 
Hydroxyacetic acid, 260. 
Hydroxy-aoids, 249, 254, 263, 466. 
Hydroxy aldehydes, aromatic, 441. 
Hydroxyalkyl sulphites, 142. 
Hydroxyaminobenzoio acid, 349. 
Hydroxyaminonaphthalenes, 480. 
/9-Hydroxy-a-aminopropionic acid, 
648. 

Hydroxyanthraquinones, 497, 498, 
499, 601, 694. 
Hydroxyazobonzene, 697. 
Hydroxyazo- compounds, 410, 600. 
Hydroxybenzaldehydes, 442, 443, 
Hydroxybenzene, 426. 


Hydroxybenzoic acids, 351, 466 seq., 
471. 

Hydroxybenzyl alcohols, 471, 472. 
a-Hydroxybutyrio acid, 263. 
^-Hydroxybutyrio acid, 188, 234, 

263 . 

7 -Hydroxybutyric acid, 263. 
Hydroxycarboxylic acids, 249, 263, 
466. 

Hydroxycyanides, 139 , 143, 440. 
Hydroxydicarboxylio acids, 254, 

264. 

Hydroxyethanesulphonic acid, 665. 
Hydroxy-ethers, 224. 

Hydroxyethyl cyanide, 143. 
Hydroxyotliyltriraethylammoniuin 
hydroxide, 662. 

Hy^oxyformic acid, 249. 
Hydroxyglutamic acid, 561. 
Hydroxyindole, 625. 
Hydroxyisobutyrio acids, 263. 
Hydroxyisopropyl cyanide, 143. 
Hydroxylamine, 137, 174. 
Hydroxymalonio acid, 264. 
Hydroxymonocarboxylio acids, 249, 
263. 

Hydroxynaphthalenes, 484. 

H y droxyphenylaminopropionio 
acid, 661. 

Hy d roxyphenylethy lamine, 56 1 . 
Hydroxyproline, 662. 
a-Hydroxypropionio acid, 260, 261 . 
^-Hydroxypropionio acid, 250, 262 . 
Hydroxyquinol, 432, 434. 
2-Hydroxyquinoline, 516. 
Hydroxysucoiiiio acid, 254. 
Hydroxysulphites, 142. 
Hydroxysulphonic acids, 429. 
Hydroxytoluenes, 429. 

Hydroxy tricarboxylic acids, 269. 
Hydroxyuracil, 658. 
7 -Hydroxyvalerio acid, 191, 263. 
Hyoscyamine, 533. 

Hypnone, 444. 

Hypoxanthine, 559, 560. 

Ice-colours, 699. 

Identification of organic compounds, 
12, 13, 609. 

Imides, 249, 262, 468, 666. 
Iminourea, 662. 

Indanthrene blue R, 695. 

Indene, 490, 491 . 

Indene dibromide, 491. 

Indian yellow, 691. 
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Indican, 606. 

Indigo (indigotin), 441, 466, 626, 
682, 606. 

Indigo-blue, 682, 606, 

Indigo- carmine, 607. 
Indigodisulphonio acid, 606. 

Indigo, dyeing with, 5.82. 

Indigo, sjmtheflis of, 441, 466, 607. 
Indigo- white, 624, 682, 606. 

Indirect dyes, 680. 

Indole, 624. 

- Indole- a - aminopropionic aci d, 56 2 . 
Indole-a-carboxylic oeid, 626. 
Indophenin reaction, 330, 365, 620. 
Indoxyl, 624, 626, 606, 608. 
Indoxylic acid, 608. 

Ingrain dyes, 699. 

Insulin, 669. 

Internal compensation, 274. 

Inulin, 288, 304. 

Inversion, 296, 303. 

Invertase, 303. 

Invert sugar, 296. 

Iodine, as a catalyst, 114, 164, 371. 
Iodine, detection of, 16. 

Iodine, estimation of, 25. 

Iodine value, of a fat, 229. 
lodoaoetio acids, 165. 
lodobenzene, 374, 378, 398. 
lodobenzene diohloride, 377. 
lodoethane, 68. 

Iodoform, 73, 76. 

Iodoform reaction, 104. 
lodonitrobenzenes, 385. 
lodosobenzene, 377. 
lodotoluenes, 378. 
lodoxybenzene, 377. 
lonamines, 699. 

IpcUiew, 229. 

Issethionic acid, 666. 

Isatin, 524, 625. 

Isatin chloride, 626. 

Iso-alcohols, 109. 

Isoamyl alcohol. 111, 112. 
Isoamylcunine, 649. 
d-Isoamylene, 86. 

Isoamyl isovalerate, 180. 
Isobutaldehyde, 139. 

Isobutane, 66, 68. 

Isobutyl alcohol, 108, 111, 112, 
Isobutyl oarbinol. 111, 649. 
Isobutylene, 85, 110. 

Isobutyrio acid, 158, 166. 
Isobutyrone, 139. 

Isocaprolaotone, 288. 


Isocro tonic acid, 234, 281. 
Isocyanates, alkyl, 321. 
Isooyanides, 77, 317. 

Isocyanurates, alkyl, 322. 
Isocyanuric acid, 322. 
Iso-hydrocarbons, 68. 
laoloucine, 649. 

Jsomoric change, 239. 

Isomerism, 68. 

Isomerism, geometrical, 281. 
Isomerism, optical, 271. 

Isonicotinio acid, 611, 612. 
Isonitriles, 77, 317. 

Isopentane, 68. 

Isophthalic acid, 345, 469. 

Isoprene, 94. 

Isopropylacetio acid, 156, 158. 
Isopropyl alcohol, 110, 112, 133. 
Isopropylamine, 211. 
Isopropylbenzene, 369. 

Isopropyl bromide, 87. 

Isopropyl carbinol, 108, 111, 
Isopropyl iodide, 70, 232. 
Isopropylmethylbenzene, 369. 
Isoquinoline, 604, 617. 

Isoquinoline methiodide, 617. 
Isosuooinic acid, 249. 

Iso thiocyanates, alkyl, 321. 
Iso-urea, 241. 

Isovaleraldehyde, 139, 649. 
Isovaleric acid, 156, 158, 166, 649. 

Jouniaux, 40. 

KekuU, 79. 334. 

Kendallf 668. 

Keratin, 648. 

Kerosene, 64, 

Keto-forms, 189. 

Ketones, 132, 139, 443. 

Ketones, condensation of, 136, 145. 
Ketones, oxidation of, 144. 

Ketonio acids, 187, 190, 191. 
Ketonio hydrolysis, 183. 

Ketoses, 292, 307. 

Ketotetroses, 306. 

Ketoximes, 137. 

Kieselguhr, 224. 

Kiliani, 291. 

KjeldahVs method, 26. 

Knorr, 190. 

Kolbe, 54, 62, 467. 

Kdmer, 507. 

Komer'a orientation method, 346. 
Krafft, 168. 
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Labile forms, 189, 

Lacquers, artificial, 301. 

Lactam group, 616, 625, 667. 

Lactic acid, 351, 267, 271, 648. 
Lacticle, 264. 
l.(aotides, 354, 263. 

Lactim group, 616, 624, 667. 
Lactones, 263, 292. 

Laotosazoue, 297. 

Lactose, 157, 297, 304. 

Lactyl- lactic acid, 254. 

Ladenbury, 336, 350, 509, 530. 
Laivotartaric acid, 275. 

Loevulic acid, 191, 296. 

Laevulose, 288. 

Lakes, 500, 582. 

Landsborge.r , 42. 

Lanolirie, 56.6. 

Lard, 224. 

Laudanum, 641. 

Laurio acid, 166. 

Laururie, 141. 

Lavoisier t 1 . 

Lead phthaloc..yanine, 609. 

Lead tetraethyl, 211. 

Le Bel and van't theory, 267. 

Lecithin, 663. 

Leucine, 649. 

Leuco-baHo, 684, 

Leuco- compound, 682. 
Leuco-nialachite green, 585. 
Leuco-pararoHaiiiliuo 587. 
Leuco-rosaniliue, 687. 

Lewisite, 208, 324. 

Lieben's iodoform reaction, 104. 
Liebennamij 499. 

Lieber^tanri’ 8 reaction, 190, 124. 
Liebig, 661, 552. 

Light oil, 326 , 504. 

Light petroleum, 64, 85. 

Ligroin, 64. 

Linolic acid, 228. 

Lipase, 227, 

Lubricating oils, 64. 

Lutidines, 510. 

Lycine, 553. 

Lyddite, 428. 

Lysine, 550. 

Lysol, 429. 

Magenta, 588. 

Magnesium alkyl halides, 207, 213. 
Magnesium alkyl oxides, 106, 114. 
Magnesium benzyl chloride, 380. 
Magnesium ethoxide, 106. 

Org. 


Magnesium ethyl bromide, 207. 
Magnesium ethyl iodide, 208. 
Magnesium methyl iodide, 208. 
Magnesium phenyl bromide, 380. 
Magnesium propyl bromide, 208. 
Malafdiito green, 685. 

Maleic acid, 256 , 279, 353. 

Maleic anhydride, 256, 279. 

Malic acid, 254. 268. 271. 

Malonic acid, 185, 245. 
Malonylnrea, 556. 

Malt, 304. 

Maltasc, 303. 

Maltodoxtrin, 300. 

Maltosazone, 297. 

Maltose, 105, 296 , 299, 304. 

M and B 693, 419. 

Mandolic acid, 466, 473. 
Mandolonitrilo, 440, 473. 

Mannitol, 235 , 287, 289. 
Mannoheptose, 293. 

Maunonic acid, 287. 
Mannonolactone, 293. 
Mannononoso, 293. 

Manno-octose, 293. 

Mannosaccharic acid, 288. 

Mannose, 287 , 304. 

Margaric acid, 159, 169. 

Margarine, 228. 

Marsh-gas, 49. 

Mauveine (mauve), 578, 604 . 
Meconic acid, 541. 

Medicus, 657. 

Melinite, 428. 

Meliasyl alcohol, 114. 

Mellitic acid, 460. 

Melting- pom t, 12. 

Mercaptans, 118 , 434. 

Meroaptides, 119. 

Meroaptoles, 120. 

Mercuric fulminate, 319. 

Mercuric mercaptide, 119. 

Mercury, organic compounds of, 
210, 213. 

Mositylene, 345, 350, 353, 368 . 
Mesitylenic acid, 345, 368. 

Mesityl oxide, 136 , 324. 
Mesotartaric a(;id, 257, 276 . 
Mesoxalic acid, 656. 

Meaoxalylurea, 556, 556 . 
Mota<!hloral, 131. 

Meta-compoiuuls, 340. 
Metalduhyde, 130. 

Metals, detection of, 17. 

Metals, organic derivatives of, 207. 
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Metamerism, 121. 

Motanilic acid, 419. 

Mothaldehydo, 122. 

Methane, 49, 01. 

Methane series, 49, 61. 

Methanol, 97. 

Methionine, 649. 

Methoxides, 98. 
Methoxybenzaldehyde, 443. 
Methoxybonzoic acids, 430, 471, 
472. 

Methoxybenzyl alcohol, 472. 
Methoxycinchonirie, 639. 
Methoxy-gronp, 528. 
p-Methoxyphoiiol, 568. 

6 - Methoxyqiiinoline - 4 - carboxylic 
acid, 638. 

Methylacetamide, 138. 
Methylooetanilide, 397. 

Methyl acetate, 170. 
Methylacetylene, 94. 
Methylacridone, 696. 
Methylaoridonium iodide, 696. 
Methylal, 126. 

Methyl alcohol, 97, 122. 
Methylamine, 198. 
Methylaminophenol, 433. 
Methylaniline, 396. 

Methylated spirit, 107. 

Methylates, 98. 

Methylation, 179, 212, 413. 
Methylation, exhaustive,^ 628. 
Methyl azide, 414. 
Methylbenzariilide, 397. 
Methylbenzene, 360, 365. 

Methyl benzoate, 452. 

Methyl bromide, 66, 69. 
Methylbutadieno, 94, 629. 
Methylbutylacetic acid, 292. 
Methylbutylmalonylthiourea, 656. 
Methyl butyrate, 180. 

Methyl carbinol, 101. 
Methylcatechol, 431. 

Methyl chloride, 62, 66, 69. 
Methylcinnamic acids, 463, 464. 
Methyloresols, 430. 

Methyl cyanide, 317. 
Mothylcyclohexeilylmalonylurea, 
666 . 

Methyl dimethylaminoacotate, 563. 
Methy lonoaminoacetonitrile, 213. 
Methyleneaniline, 396. 

Methylene blue, 606. 

Methylene diohloride, 70. 

Methylene di-iodide, 413, 621, 633. 


Methylene glycol, 125, 215, 
Methylonitan, 289. 

Methyl other, 115. 

Methyl o-ethoxybenzoate, 469. 
Mothylethylacetic acid, 158, 268 
Methy lethyl amine, 211. 
Methylcthylbenzeno, 342, 361. 
Methylethyl carbinol, 109, 111, 112, 
282, 323. 

Methylethyl ether, 120. 

Methylethyl ketone, 139, 141, 323. 
Methyl ethylsalicylate, 469. 
Methylglucosides, 306. 
Methylglycine, 552. 
Methylheptenone, 213. 
Methylhydrazino, 413. 

Methyl hydrogen sulphate, 99, 179. 
Methylindolc, 524. 

Methyl iodide, 66, 69. 

Methyl isonitrile, 317. 

Methyl isophthalate, 459. 
Methylisopropylbenzone, 369. 

Methy lisopropyl ether, 120. 

Methyl isopropyl ketone, 140. 
Methylisoquinolonium iodide, 617. 
Methylmalonic acid, 249. 

Methyl o* me thoxy benzoate, 471. 
Methyl a-methylacrylate, 234. 
Methylmorphine, 542. 
Mothylnaphthalones, 480. 

Methyl nitrate, 174. 

Methyl nitrite, 176. 

Methyl orange, 601. 

Methyl oxalate, 98, 245. 
Methylphenylnitrosoamine, 397, 
Mi^hylphosphine, 204. 
Methylpiperidine, 609, 628. 

/Methyl propionate, 173. 

Methy Ipropyl other, 120. 
Methylpropyl ketone, 1 40. 
Methylpyridines, 608, 510. 
Methylpyridonium iodide, 606. 
Methylpyrrolidine, 631. 
Methylpyrrolidone, 632. 
Methylquinolines, 514, 616. 
Methylquinolonium iodide, 614. 
Methyl salicylate, 469, 470. 
Methylsuccinic acid, 261. 

Methyl sulphate, 99, 179. 

Methyl terephthaJate, 460. 
Methyltheobromine, 661. 
Methylthiophene, 620. 
Methyl-p-toluidine, 396. 

Methy Itriphenylme thane, 687. 
Methyluracil, 667. 
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Methylurethane, 203, 413. 
Methyluric acids, 559. 

Methyl violet, 689. 

Motol, 433. 

Meyer ^ Victor, 36, 620. 

MichWe ketone, 689. 
Micro-analysis, 27. 

Middle oil. 326, 327. 

Milk-sugar, 297. 

Miller, 616. 

Millon*a reagent, 676. 

Mine'ral naphtha, 63. 

Mirror- images, 271. 

Mixed anhydrides, 162. 

Mixed ethers, 121. 

Mixed ketones, 139. 

Molasses, 106, 295. 

Molecular formula, 20. 

Molecular formula, by explosion, 32. 
Molecular rotation, 284. 

Molecular weight, determination of, 
32. 

Monostral Fast Blue, 609. 
Monastral Fast Green, 609. 
Monoacetin, 222. 
Monobromopyridino, 605. 
Monocarboxylic acids, 146, 166, 448, 
460. 

Monochloroanthracene, 496. 
Monoformin, 147. 

Monogenetic dyes, 581. 

Monohydric alcohols, 97, 112. 
Monohydrio phenols, 425, 
Monohydroxynaphthaknies, 484. 
Morio-oxalin, 147. 

Monosaccharides, 285, 304. 
Mordants, 680. 

Morphine, 641. 

MorpViine methiodide, 641. 

Mucic acid, 288, 519. 

Murexide reaction, 566. 

Muscarine, 663. 

Mustard-gas, 120. 

Mustard-oil, 320. 

Mustard-oils, 321. 

Myrbane, essence of, 383. 

Myristic acid, 166. 

Myxosin, 320. 

Myxoedema, 668. 

Naphtha, crude, 326. 

Naphthalene, 327, 328, 475. 
Naphthalene, amino-derivatives of, 
483. 

Naphthalene, constitution of, 476. 
Org. 


Naphthalene, derivatives of, 480, 

488. 

Naphthalene derivatives, isomer- 
ism of, 478. 

1:8- Naphthalenedicarboxy Uo acid, 
492. 

NapUthalonodisulphonic acids, 486. 
Naphthalene green V, 686. 
Naphthalene, homologues of, 480. 
Naphthalene, nitro-derivatives of, 
482. 

Naphthalene, orientation of deriva- 
tives of, 488. 

Naphthalene picrate, 476. 
Naphthalenesulphonic acids, 485. 
Naphthalene tetrachloride, 481. 
Naphthalic acid, 492. 

Naphtholic anhydride, 492. 
a-Naphthaquinonei 486. 
amp/ri-Naphthaquinone, 488. 
^-Naphthaquinone, 487. 
/^-Naphthaquinone hydrazone, 600. 
Naphtha, solvent, 327. 

Naphthionio acid, 486, 602, 603. 
a-Naphthol, 478, 483, 485. 
/9-Naphthol, 484, 485. 
a-Naphtholdisulphonio acid, 604. 
/J-Naphtholdisulphonic acid, 602. 
a-Naphtholmonosulphonic acid, 
604. 

NaphtholmonoBulphonio acids, 486. 
a-Naphtholtrisulphonic acid, 604. 
Naphthol yellow, 485, 604. 
Naphthol yellow S, 604. 
a-Naphthylamine, 476, 483, 484, 

489. 

^-Naphthylamine, 484. 

N aphthylami nemonosulphoni o 
acids, 486. 

1 : 4 - N aphthylaminesulphonio acid, 
486. 

Norcotine, 641. 

Natural gas, 63. 

Neurine, 663. 

Nickel, as a catalyst, 229, 367, 369. 
Nickel oxide, as a catalyst, 229. 
Nicotine, 630. 

Nicotine dimothiodide, 631. 
Nicotinic acid, 606, 511, 612, 631 
Nicotyrine, 631. 

Nightshade, alkaloids of, 633 
Ninhydrin, 491, 644, 676. 

Nitrates, alkyl, 173. 

Nitrates, cellulose, 301. 

Nitration, 380. 
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Nitriles, 316. 

Nitrites, alkyl, !75. 
NitroacetanUides, 393. 
Nitroalizarin, 601, 695. 
Nitroaminomesityleno, 350. 
p-Nitroaiiiline red, 599. 
Nitroanilines, 388, 893 seq.^ 599. 
O-Nitroanisole, 603. 
7 -Nitroanthrac 0 ne, 493. 
p-Nitroazobenzene, 409. 
Nitrobenzaldehydes, 440. 
Nitrobenzene, 383. 

Nitrobenzene, reduction of, 412. 
Nitrobenzenesulphonio acids, 419. 
Nitrobenzoic acids, 456. 
o-Nitrobenzoyl chloride, 625. 
p-Nitrobenzoyl cliloride, 463. 
Nitrobromoben^enes, 385. 
Nitroohlorobenzenes, 385. 
Nitroohloroform, 73. 

Nitrocinnamic acids, 440, 464. 
Nitro- compounds, 175, 354, 880. 
Nitrodibromobenzenes, 349. 
Nitroethane, 176. 

Nitrogen, detection of, 14. 
Nitrogen, estimation of, 21. 
Nitrogen, optically active com- 
pounds of, 282. 

Nitroglycerin, 223. 

Nitroguanidine, 602. 

Nitrohexane, 62. 
Nitrohydroxybenzene, 338. 
Nitroiodobenzenes, 385. 

Nitrolic acids, 177. 

Nitrolim, 319. 

Nitromesidine, 350, 
Nitromesitylene, 368. 

Nitrometer, SchijJ'Sy 23. 
Nitromethane, 177. 
a-Nitronaphthalono, 476, 482, 488. 
/5-Nitronaphthalene, 483, 
^-Nitro-a-naphthylamine, 483. 
Nitroparafi6ns, 62, 175, 181. 
O-Nitrophenetole, 603. 
Nitrophenolfl, 426. 
0 -Nitrophenylaoetic acid, 625. 
Nitrophenylaminopropionic acid, 
661. 

p«Nitrophenyldiazonium chloride, 
602. 

Nitrophenyldibromopropionic acids, 
404, 466. 

p-Nitrophenylhydrazine, 407. 
Nitrophenylpropiolic acid, 466. 
Nitrophthalio acid, 476. 


Nitrosamine red, 602. 
Nitrosoamines, 196, 212, 396. 
Nitrosobenzene, 411, 412, 
Niirosodimethylaniline, 397, 606. 

N i trosomethylurea, 413. 
Nitrosomethylurethane, 413. 
Nitrosophenol, 397, 424, 446. 
Nitrosopiperidine, 609. 
Nitrothiophene, 523. 

Nitrotoluenes, 885, 465, 603. 
Nitrouracil, 667. 

Nitrouracilic acid, 657. 

Nitrourea, 241. 

Nitroxylene, 363. 

Nonane, 61. 

Nonylic acid, 234. 

Normal alcohols, 109. 

Normal hydrocarbons, 68. 
Novocaine, 637. 

Nux vomica, alkaloids of, 539. 

Octa-acetylmaltose, 297. 
Octa-acetylsucrose, 296. 
Octadecapeptide, 647. 

Octane, 61, 630. 

Octyl cyanide, 317. 

(Enanthal, 182, 139. 

(Enanthone, 130. 

Oil of aniseed, 443. 

Oil of bitter almonds, 437. 

Oil of mustard, 232. 

Oil of turpentine, 369. 

Oil of wintergreen, 97, 469. 

Oils, 224. 

Oils, drying of, 230. 

Oils, hardening of, 228. 

Olefiant gas, 79. 

Olefines, 78, 86. 

(Jlofines, additive reactions of, 86 
seq, 

Olefinio acids, 233, 237, 463. 

Oleic acid, 226, 228, 284, 281. 
Olein, 227. 

Open- chain compounds, 352. 
Opium, 641. 

Optical isomerism, 265, 271, 281. 
Optically active nitrogen com- 
pounds, 282. 

Optically active substances, 266. 
Organic acids, esters of, 169. 
Organic compounds, classification 
of, 361. 

Organo-metallio compounds, 207. 
Orientation of aromatic compounds, 

343. 
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Orientation rules, 382. 

Ornithine, 560. 

Ortho -compounds, 340. 
Orthoquinonos, 447, 487, 603. 
Osazones, 290, 407. 

Osones, 291. 

Oxalacetic acid, 190. 

Oxalic acid, 218, 242, 262. 

Oxalic €M3id, salts of, 244. 

Oxalurio acid, 656. 

Oxalyl chloride, 246. 

Oxalylurea, 655. 

Oxamide, 246. 

Oxamines, 204. 

Oxanilide, 392. 

Oxanthranol, 498. 

Oxidising agents, 100. 

Oximes, 186, 199. 

Oxindole, 624, 525. 
6-Oxydichloropurine, 662. 

Oxygen, estimation of, 21. 
Oxyhaornoglobin, 676, 576. 
Oxyneurine, 663. 

Oxypurine, 569, 560. 

Ozokerite, 61, 64. 

Ozonides, 88, 96. 

Palmitic acid, 158, 166. 

Palmitone, 139. 

Papaverine, 641, 

Parabanio acid, 566. 
Paracetaldehyde, 130, 146. 
Para-compounds, 340. 
Paracyanogen, 309. 

ParaflSns, 49, 59, 64. 

Paraihn-wax, 64. 
Paraformaldehyde, 126. 
Paraglyoxal, 219. 

Paralactic acid, 262. 

Paraldehyde, 130, 146. 
Paranitroaniline red, 602. 
Paraquinones, 446, 486, 496. 
Para-red, 599, 602. 

Pararosaniline, 687. 

Parchment paper, 300. 

Partially racemic salts, 282. 

Passing down a homologous series, 
168, 200. 

Passing up a homologous series, 200. 
Pasteur^ 265, 279. 

Pear oil, 180. 

Pelargonio acid, 234. 
Penta-acetylfructose, 289, 307. 
Penta-acetylglucose. 286, 307, 
Pentaerytliritol, 146. 


xix 

Pentahydric alcohols, 235, 237, 305. 
Peniamethylbenzene, 337. 
F^entamethylenediamine, 609, 546, 
560. 

Pentamethylpararosaniline, 589. 
Pontane, 58, 61. 
l*entene, 86. 

Pentitols, 235, 237, 306. 

Pentoses, 306. 

Pentothal, 656. 

Pentylene, 86. 

Pentylenedimethylamine, 628. 
Pepper, alkaloid of, 532. 

Pepsin, 547, 672, 676. 

Peptones, 672, 575. 

Peracetic a.cid, 127. 

Peri-position, 480, 492. 

Perkin, 578 . 

Perkin reaction, 463, 633. 

Perspex, 234. 

Peru balsam, 451. 

Petroleum, 63. 

Petroleum, cracking of, 66, 323. 
Petroleum ether, 64. 

Phenacotin, 427. 
Plienaiithraquinone, 603. 
Phenanthraquinone dioxime, 603. 
Phenanthrene, 328, 492, 501. 
Phenanthreneoarboxylic acid, 502. 
Phenanthrene dibromide, 503. 
Phenanthrene picrate, 493, 601. 
Phenazone, 623. 

Phonetidine, 427. 

Phenotole, 426. 

Phenol, 327, 328, 425. 

Phenolic acids, 466. 

Phenolic aldehydes, 441. 
Phenolphthalein, 591. 

Phenols, 420. 

Phenolsulphonic acids, 419, 428^ 

429. 

Phenopyrrole, 624. 
Phenylacetaldehyde, 437, 462, 651, 
Plienyl acetate, 426. 

Phenylacetic acid, 460, 462. 
Phonylacotonitrilo, 454, 462. 
Phenylacetylene, 465. 

Phenylaerylic acid, 461, 463. 
Phenylalanine, 661. 

Phenylamine, 390. 
Phenylaminoacetic acid, 607. 
Phenyl- o-aminobenzoic acid, 696. 
Phenylaminopropionic acid, 561. 
Phenylanthranilio acid, 696. 

Phenyl azide (phenylazoimide), 414 
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Phenyl benzoate, 452. 

Phenyl bromide, 376. 
^-Phenyl-/3-bromopropionio acid, 
464. 

Phenylbutylene, 449, 478. 
Phenylbutylone dibromide, 478. 
Phenylbutyrio acid, 461. 

Phenyl carbimide, 321, 398. 

Phenyl oarbinol, 436. 
Phenyloarbylamine, 72, 391. 

Phenyl chloride, 376. 
Phenylohloroform, 379. 

Phenyl cyanide, 453. 
Phenyldiazoniurn chloride, 400. 
Phenyldiazonium hydroxide, 400, 
406. 

Phenyldiazonium sulphate, 400, 
403. 

Phenyl- a/3- dibromopropionio acid, 
464, 465. 

Phonyldimethyl carbinol, 437. 
Phenyldimethylpyrazolone, 523. 
Phenylenediacetio acid, 491. 
Phenylenediaminos, 349, 387, 389, 
396, 601, 602. 

Phenylene radical, 364, 424. 
Phenylethane, 367, 

Phenylethyl alcohol, 437, 462. 
Phenylethyl oarbinol, 437. 
Phenylethylene, 464. 

Phenylethyl ether, 426. 
Phenylformio acid, 461. 
Phenylglycine, 607. 
Phenylglycine-O'Carboxylic acid, 
626, 607. 

Phenyl glyooUio eujid, 473. 

Phenyl group, 364, 424. 
Phenylhydrazine, 405. 
Phenylhydrazones, 138, 290, 407. 
Phenylhydroxylamine, 411. 

Phenyl iodide, 376. 

Phenyl isocyanate, 321. 

Phenyl isooyanide, 72. 

Phenyl isothdocyanate, 392. 
Phenyl-lactic acid, nitrile of, 661. 
Phenyl mercaptan, 434. 
Phenylmethane, 366. 
Phenylmethylacrylio acid, 463. 
Phenylmethylamine, 396. 
Phenylmethyl carbinol, 444. 
Phenylmethyl ether, 426. 
Phenylmethyl ketone, 444. 
Phenylmethylnitrosoamine, 397. 
Phenylmethylpyrazolone, 623. 
Phenyl mustard oil, 392. 


Phenylnitromethane, 385. 
Phenylnitrosohydroxylamine, 411. 
Phenylpropiolic acid, 461, 466. 
Phenylpropionic acid, 449, 461, 462. 
Phonylpropionyl chloride, 491. 
Phenyl radical, 364, 424. 

Phenyl salicylate, 471. 

Phenyl thioiirethanes, 392. 
Phenyltolyl ether, 568. 

Phenyl trimethyl ammonium iodide, 
389. 

Phenyl urethanes, 393. 
Phloroglucinol, 385, 432, 433. 
Phloroglucinol triacetate, 434. 
Phloroglucinol trioxiine, 434. 
Phorone, 130. 

Phosgene, 72, 238. 

Phosphines, 204. 

Phospho-proteins, 675. 

Phosphorus, detection of, 16. 
Phosphorus, estimation of, 27. 
Photogene, 64. 

Phthaleins, 690. 

Phthalic acid, 457, 476. 

Phthalic acids, 344, 456. 

Phthalic anhydride, 468, 496, 607. 
PhthaUmide, 466, 468, 607. 
Phthalocyanines, 608. 
Phthalophenone, 690. 

Phthalyl chloride, 458. 

Physical isomerides, 271. 
Phytosterols, 666. 

Picolines, 610, 611. 

Picolinic acid, 611, 612. 

Picric acid, 427, 679. 

Pictet, 631. 

PimeUc acid, 261, 353, 470. 

Pinaool, 142. 

Pinacolone, 143. 

Pinaools, 142, 143, 236. 

Pineapple oil, 180. 

Piperio acid, 633. 

Piperidine, 606, 607, 609. 

Piperine, 632. 

Piperonal, 633. 

Piperonylio acid, 633. 

Piperylene, 629. 

Pitch, 326, 328. 

Piuri, 691. 

Plastics, 221, 234, 240, 426, 468. 
Platinichlorides, 196. 

Polarimeter, 283. 

Polyethylene glycols, 218. 
Polygenetio dyes, 581. 

Polyhydric acids, 292. 
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Polyhydric alcohols, 234, 305, 306. 
Polyhydrio aldehydes, 286, 306. 
Polyhydric ketones, 288, 307. 
Polyhydric nitriles, 294. 
Polymerisation, 126. 
Polyoxymethylonos, 125. 
Polypeptides, 546, 576. 
Polysaccharides, 297, 304, 308. 
Ponceau 3R, 602. 

Ponoeaux, 602. 

Popqff's rule, 144. 

Potassium aoetylide, 91. 

Potassium cyanate, 313, 818. 
Potassium cyanide, 312. 

Potassium ferricyanido, 316. 
Potaasium ferrocyaiiido, 315. 
Potassium myronato, 320. 
Potaasium phthalirnido, 459. 
Potassium pyrrole, 521. 

Potassium suocinimide, 262. 
Primaiy alcohols, 109. 

Primary alcohols, conversion into 
secondary and tertiary, 113. 
Primary aminos, 195, 211. 
Primnline, 605. 

Procaine, 537. 

Proflavine, 596. 

Proline, 552. 

Prontosil, 419. 

Prontosil fw6rwm, 419. 

Proof-spirit, 107. 

Propaldohyde, 132, 139. 
Propaldehyde hydrazone, 524. 
Propane, 55, 61. 

Propene, 86, 

Propenyl acetate, 220. 

Propenyl alcohol, 219. 

Propenyl chlorohydrin, 222. 
Propenyl diohlorohydrin, 222. 
Propenylpyridine, 630. 

Propenyl tribromide, 220. 

Propenyl trichloride, 223. 

Propenyl trinitrate, 223. 
Propeptones, 575. 

Propionamide, 193. 

Propione, 139. 

Propionic acid, 166, 166. 
Propionitrile, 317. 

Propionyl chloride, 161. 
Propiophenone, 445. 

Propylaoetio acid, 156. 

Propyl alcohol, 84, 110, 112. 
Propylamine, 192, 211, 
Propylbenzene, 363. 

Propyl bromide, 68. 


Propyl bromide, i«o-, 87. 

Propyl carbinol, 108, 111. 
Propylene, 84, 86. 

Propylene alcohol, 219. 

Propylene chlorohydrin, 217. 
Propylene dibromide, 84, 220. 
a/5-!]^opylene glycol, 219, 236, 261. 
ay-Propylene glycol, 236, 262. 
Propylene oxide, 218. 

Propyl formate, 173. 

Propyl iodide, 70. 

Propylmalonio acid, 187. 
a-Propylpiperidine, 630. 
a-Propylpyridine, 630. 

Protagon, 664. 

Protamine, 560. 

Proteins, 643, 672. 

Protocatechuio acid, 472, 633. 
Protocatechuic aldehyde, 633. 
Prussian blue, 316. 

Prussic acid, 310. 

Pschorr, 602. 

Pseudo-acids, 177, 385. 
Psoudocumene, 369. 
Pseudocumyldiazonium chloride, 
602. 

Pseudomauveine, 604. 
Pseudomerism, 190. 

Pseudonitrols, 177. 

Pseudourio acid, 668. 

Ptomaines, 646. 

Purification of compounds, 3, 
Purine, 669, 660. 

Purine derivatives, 654, 559. 
Purpurin, 498, 601. 

Putrescine, 640. 

Pyrazolone, 623. 

Pyrazolone derivatives, 623. 
Pyridine, 327, 604, 605. 

Pyridine, alkaloids derived from, 
629. 

Pyridinecarboxylic acids, 611. 
Pyridine derivatives, isomerism of, 
607. 

Pyridine- 2: 3- dioarboxylio acid, 611. 
Pyridine-3:4-dioarboxyUc acid, 612. 
Pyridine, homologues of, 610, 
Pyridine methiocfide, 606. 
Pyridinesulphonic acid, 606. 
Pyridylpyrrole, 631. 

Pyrogallol (pyrogallic acid), 433. 
Pyrogallolcarboxylio acid, 472. 
Pyrogalloldimethyl ether, 433. 
Pyroligneous acid, 97, 160. 
Pyromucic acid, 619. 
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Pyrotartario acid, 267, 261. 

Pyrrole, 618, 520, 523. 

Pyrrolidine, 622. 

Pyri’olidirie- a -carboxylic acid, 652. 
Pyn*oline, 621. 

Pyruvic acid, 191, 252. 

Pyruvic acid hydrazone, 191. 

Qualitative elementary analysis, 12. 
Quantitative elementary analysis, 
17. 

Quaternary ammonium deriva- 
tives, 197. 

Quaternary phosphonium hydrox- 
ides, 204. 

Quinaldine, 616. 

Quinhydrone, 446. 

Quinio acid, 638. 

Quinine, 637. 

Quinine dimetliiodide, 638. 

Quininic acid, 638. 

Quinizarin, 694. 

Quinol, 431, 432, 446. 

Quinoline, 604, 613. 

Quinoline, alkaloids derived from, 
637. 

Quinoline- 4- carboxylic acid, 639. 
Quinoline-2:3-dicarboxylio acid, 696, 
Quinoline methiodide, 514, 
Quinolinic acid, 511^ 612. 

Quinolinic anhydride, 612. 
Quinolsulphonio acid, 432. 

Quinone, 446. 

Quinone chloroimines, 448. 

Quinone dichlorodiimines, 448. 
Quinone dioxime, 446. 
Quinone-imine dyes, 604. 

Quinone monoxime, 397, 446, 
Quinones, 445, 486, 496, 603, 683. 

Racemic acid, 267, 266, 276, 
Racemic compounds, 272. 

Racemic compounds, resolution of, 
278, 282. 

Racemisation, 277, 648. 

Radicals, 74. 

Raffinose, 304. 

RaouU, 38. 

Rost, 40. 

Rayon, 302. 

Rectified spirit, 304. 

Reducing agents, 51. 

Reduction, Catalytic, 229, 356. 
ReformaUky, 213. 

R€}(mnalsky 144, 213, 263. 


Reimer-Tiemann reaction, 442, 468. 
Rennet, 677. 

Resins, synthetic, 221, 234, 240, 
426, 468. 

Resolution of ^/-compounds, 278, 
282, 645. 

Resorcin brown, 602. 

Resorcinol. 431, 601, 602. 

Resorcin yellow, 601. 

Resorcylio acids, 467. 

Rhizopus DelemaTf 103. 
Rhodamines, 694. 

Rhodonates, 320. 

Rickets, 670, 671. 

Riedel, 608. 

Robinson, 636. 

Rocellin, 602. 

Rochelle salt, 258. 

Roosen, 667. 

Rosaniline, 686, 588. 

Rosolic acid, 690. 

Rotation, molecular, 284. 

Rotation, specific, 283. 

Rouelle, 239. 

Rubber, synthetic, 324. 

Ruberythrio acid, 498. 

Ruff, 294. 

Runge, 620. 

Sabatier, 229, 367, 482. 

Saccharic acid, 277, 287. 
Saccharimeter, 286. 

Saccharin, 465. 

Saccharomyces, 302. 

Saccharosates, 296. 

Salioin, 471, 472. 

Salicyl alcohol, 471. 

Salicylaldehyde, 442. 

Salicylic acid, 469. 

Saligenin, 471. 

Salipyrine, 623. 

Salmine, 560, 562. 

Salol, 471. 

Sandmeyer'a reaction, 376, 402, 464 
Saponification, 226. 

Sarcolaotic acid, 252, 268. 

Sarcosine, 552, 664. 

Sarkine, 660. 

Saturated compounds, 63. 

Scarlet R, 602. 

ScheeU, 310. 

Schijffa bases, 440. 

Schiff's nitrometer, 23. 

Schiff's reaction, 128, 440. 
Schotten-Baumann method, 463. 
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Schweinfurter green, 153. 
Schweitzer'* 8 roagont, 300. 

Scurvy, 670, 671. 

Sealed tubes, 26. 

Sebacic acid, 261. 

Secondary alcohols, 109, 209. 
Secondary amines, 196, 211. 
Secondary aromatic bases, 396, 618. 
Semicarbazide, 241, 663. 
Semicarbazones, 138. 

Seminin, 287. 

Senderens, 357, 482. 

Separation of compounds, 3. 

Serine, 648. 

Side<chainB, 356. 

Silioononane, 206. 

Silicononyl chloride, 206. 

Silicon, organic compounds of, 206. 
Silicon tetraethyl, 206. 

Silver acetylide, 91. 

Silver cyanide, 314. 

Sinapine, 662. 

Sinigrin, 320. 

Skatole, 624. 

Skraup*8 reaction, 513, 616. 

Soaps, 225. 

Sodium acetylide, 91, 95. 

Sodium ammonium racemate, 265. 
Sodium cyanide, 313. 

Sodium ethoxide, 103. 

Sodium glycerol, 222. 

Sodium glycol, 216. 

Sodium mereaptide, 119. 

Sodium methoxide, 99. 

Sodium nitroprusside, 316. 

Sodium phenate (phenoxide), 424. 
Sodium phenylcarbonate, 467. 

Soft soap, 226. 

Solar oil, 64. 

Solubility, 148. 

Sorbitol, 236, 287, 289. 

Sorbose (Sorbulose), 307. 

Sorbose bacterium, 307. 

Specific rotation, 283. 

Spmt, methylated, 107. 

Spirit of wine, 101. 

Spirits, 304. 

Stannic ethyl, 211. 

Stannous etiivl, 211. 

Starch, 106, 298, 304. 

Starch cellulose, 298. 

Starches, 284, 304. 

Stearic acid, 158, 166, 239. 

Stearin, 226. 

Stoarone, 139, 141. 


Stereo- chemical isomorides, 271. 
Stereoisomerism, 264, 281. 
Stereoisomerism of elements other 
than carbon, 282. 

Stereoisomerism of unsaturated 
compounds, 279, 283, 466. 
Sterols, 565, 666. 

Stigmastorol, 568. 

Stilbene, 602. 

StUbene dibromide, 602, 

Storax, 436, 463. 

Stovaine, 537. 

Strecker, 562, 662. 

Strontium sucrosate, 296. 

Structure of organic compounds, 43. 
Strychnine, 639. 

Strychnine methiodide, 640. 
Sturine, 661. 

Styrene (styrolene), 358, 464. 
Suberic acid, 261. 

Substantive dyes, 680. 

Substitution, 53, 382. 

Substitution, rules of, 382. 
Suocinamide, 248. 
Suocindialdehyde, 263, 621, 635. 
Succinic acid, 246» 262. 

Succinic acid, electrolysis of, 79. 
Succinic cmhydride, 247, 262. 
Sucoinimide, 248, 262. 

Succinimide, metallic derivatives of, 
262. 

Sucoinyl chloride, 248. 

Sucramine, 466. 

Sucrosates, 296. 

Sucrose, 102, 294, 304. 

Sugars, 284, 304. 

Sugars, hydrazones of, 290. 

Sugars, osazones of, 290, 407. 
Sugars, synthesis of, 290. 
Sulphanilamide, 419. 

Sulphanilic acid, 419, 601. 
Sulphates, alkyl, 177. 

Sulphides, alkyl, 118, 434. 
Sulphobenzenestearic acid, 227. 
Sulphobenzoic acids, 465, 471. 
Sulphocyanio acid, 819, 321. 
Sulphonal, 120. 

Sulphonamides, 417. 

Sulphonation, 415. 

Sulphones, 119. 

Sulphonic acids, 119, 322, 354, 415. 
Sulphonyl chlorides, 417. 
Sulphoxides, 119. 

Sulphur, detection of, 16. 

Sulphur, estimation of, 27. 
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